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A lithium ion secondary battery includes a positive electrode 
capable of absorbing and desorbing lithium ion. a negative 
electrode capable of absorbing and desorbing lilhiuni 'ion, a 
porous film inlerposed between ihe positive electrode and 
the negative electrode, and a non-aqutx)us electrolyte, the 
porous lilm being adhered to a surface of at least the 
negative electrode. I he porous film includes an inorganic 
filler and a first binder: llie contem of the first bmder in the 
porous lilm is 1.5 to S parts by weiglit per l(X) parts by 
weiglit of the tiller: I he first binder includes a first rubber 
including an acryloniinle unit: The first rubber is water- 
insoluble and has a decomposition temperature of 250° C. or 
higlier. The negative electrode includes a negative electrode 
active material capable of absorbing and destirbing lithium 
ion and a second binder, and the second binder includes a 
second rubber particle and a water-soluble polymer. 



J3_ 
'21 22' 




2A 




Patent Application Publication Aug. 31, 2006 Sheet 1 of 5 US 2006/0194116 Al 

F I G. 1 




Patent Application Publication Aug. 31, 2006 Sheet 2 of 5 US 2006/0194116 Al 

F I G. 3 




Patent Application Publication Aug. 31, 2006 Sheet 3 of 5 US 2006/0194116 Al 

F I G. 4 





Patent Application Publication Aug. 31, 2006 Sheet 5 of 5 US 2006/0194116 Al 
F I G. J 



F I G. 8 



us 2006/01941 16 Al 



1 



Aug. 31,2006 



LITHIUM ION SECONDARY BATTERY 

TECHNICAL FIELD 
[0001] The present invention relates to a litluunt ion 
secondaiy battery having a porous him adliered to a surface 
of at least a negative electrode, tlie porous film compnsmg 
a filler and a binder, llie lithium ion secondary battery of the 
present invention has a low occurrence rate of a short circuit 
and IS excellent in satety in terms of heat resistance and the 
like. 

BACKGROUND ART 
[0002] As electronic devices are becoming more and more 
portable and wireless, small and lightweight lithium ion 
secondary battciies with a higher energy density are gaming 
attention as the power source tor these devices. Lithium ion 
secondary battenes have a positive electrode compnsmg a 
litliium-containmg transition metal oxide or the like a 
negative electrode compnsmg a carbon matenal or the like, 
a separator interposed between tlie positive electrode and the 
negative electrode, and a non-aqueous electrolyte. 
[0003] hoT the separator of lithium ion secondary batter- 
ies, a drawn resin him (a sheet separator) is used generally. 
For the raw matenal o! the resm him. polyolefins such as 
polyethylene and polypropylene are used. However resin 
hlms have low heat resistance in many cases, and heat- 
shrinkage is caused when the tilni is exposed to a lugli 
temperature. FarticuUtrly under an environment ot over 150" 
C the slinnkag^ ol rcsin him m ly cause dctcnoralion ot the 
battery safety. Particuhu-ly, when a sharp-pointed object such 
as a nail penetrates the battery (at the time of nail penetration 
test), a short circuit portion expands due to a short circuit 
reaction heat which is generated instantly, causing lurilier 
retiction heal, raising a possibility ot an accelcniiuin ol 
abnormal overheat. 

[0004] .As schematically shown in hlG. 4. there has been 
proposed a usage ol a paste electrolyte 40 for the function of 
a separator. 1 he paste elecirolvte 40 includes a great amount 
ot liquid efectrofyle 4T incTuding a thickener, and an elec- 
uieally iiisulalinR Iiller42, Ihe tiller 42 functions as a spacer 
oeiweeii a pusiiivc eleciriide 43 and a negative elech-ode 44 
(.lapanese L aid-Open Patent Publication No. Hei 10-55718). 
Sui 1. till. ,ij>ti. i.!i.i.uolMi. IS, I composite matenal of a liquid 
electa)lyte in which a viscosity is enhanced by the thickener 
and ol an electncdlly insulating filler, liquid electrolyte is 
sufliciently included therein. Tlieretore, the paste electrolyte 
IS excellent in that a certain level of lithium ion conductivity 
can be secured. However, there are delects that the strength 
theieol IS I sepintor is iiisuflineiit aid that the pnicticality 
IS poor. 

[0005] turther. there has been proposed a technology to 
lorm a pi)rous lilm including a liller comprising inorganic 
particles on a surlace ol a sheet separator comprising a resin 
lilm {Japanese Laid-Open Patent Publication No. 2001- 
.319634, and Japanese Laid-Open Patent Publication No. 
2002-8730). However, since the porous him is formed on the 
surface of the sheet separator m these proposals, there are 
defects that the porous film shrinks as the sheet separator 
shrinks. These teclmiques are aiming at suppression of a 
lithium dendrite growth and an improvement in liigh-rate 
discharge characteristic in the first place, and are not able to 
ensure the safety at the time of an internal short circuit or 
nail penetration. 



[00(16] On the other hand, there has been proposed a 
tetlmique m which a porous him compnsmg a resm with a 
low slass triinsition temperature is lormed on an electrode 
(Japanese Laid-CJpen Patent Publication No. Hei 
11-144706). fhis proposal is intended to develop the shut- 
down etlcct by sohcmiig the resm with a low glass tnmsition 
temperature when a heat is generatexi due to a short circuit 
In such proposal, tor example in a nail penetration lest, due 
to the generated heat at the time ol an internal short circuit. 
Ihe temperature locally exceeds several hundred " C. 
depending on conditions, causina excessive sottenins; or 
burmnfi ol resm. .Xs a result, porous lilm detomis. and may 
cause an abnormal overheating. Iherelore. the shutdown 
nicchaiiisni ol the resm caniiol be an absolute saletv mecha- 

[0007] I heie has been also proposed a technique to lomi 
a protective layer comprising inorganic particles such as 
alumina or the like, and a water-soluble polvmer on an 
electrode (Japanese Laid-Open Patent Publication No Hei 

9- 14791 6). For the water-soluble polvmer a polyacrvlic acid 
derivative, a cellulose derivative, and the like are used. 
Based on this proposal, since the protective layer includes 
inorganic particles with excellent heat resistance, suppres- 
sion ot the delormation ol the protective layer itself at the 
time ot heat generation due to short circuit can be expected. 

[0008] However, currently, lor a neanlive electrode of 
lithium ion secondarv battenes. stvrene-butadiene copoly- 
mer (SBR) or nibber particles comprising a modified prod- 
uct thereof are generally used as a negative electrode binder 
mmany cases. 1 his is because in Ihe case of rubber particles, 
only a small usage amount is necessarv. compared with the 
case ol polyvinvlidene lluonde (l'\ DF) conventionallv used 

[0009j 111 the case where rubber particles are to be 
included in a negative electrode matenal mixmre. usually, a 
thickener comprising water-soluble polymer .should be used 
together with The rubber particles. For Ihe water-soTiibTe 
polvmer cellulose resm is the mainstream material. When a 
protective laver including the water-soluble polymer is 
applied on such negative electrode, the thickener in the 
negative electrode swells by water included in the protective 
layer before drying, causing a deformation of the negative 
electrode. Although the negative electrode circumvented the 
deformation can be applied to a practical use, the yield dnops 
dramaticaify. 

[0010] .Mso, there has been examined a separator provided 
by fomiing a thin film of paste including a resin binder 
dissolved in a solvent, and a filler on a surface of a positive 
electrode or a negative electfode, and then drying the formed 
film (Japanese 1-aid-Open Patent Publication No. Hei 

10- 106530). In such paste, fluorocarbon resin, polyolefln 
resin, or the like is included as the resin binder. Such 
separator is excellent in that a certain level of strength is 
secured. However, when the resin binder deposits on the 
surfaces of filler particles after dissolved in a solvent, as 
schematically shown in FIG. S, the areas of filler particles 
52 covered with a resin binder 51 become large. .4s a result, 
gaps among filler particles decrease while strength 
increases, causmg an insuiBcient moving path between a 
positive electrode 53 and a negative electrode 54 for the 
hquid electrolyte or lithium ion to move. Additionally, 
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although many techniques have been proposed to form a 
paste (hin him inchidmg a resm binder dissolved in a solvent 
and a liller on a surface of a positive electrode or a negative 
electrode, the same problems will occur (Japanese Laid- 
(3pen Patent ftiblication No. Hei 7-220759. Patent Publica- 
tion No. 3371.301, Patent Publication No. 3426253). 

DISCLOSURE OF INVENTION 
[0011] The present invention aims to improve the safet>- of 
a lithium ion secondary batterv. whale preventing a defor- 
mation of a negative electrode having a higher lithium ion 
acceptability, by adhenng a porous film excellent in heal 
lesistance to a surlace of at least the negative electrode. 
[0012] ihal IS, ihe present invenhon relates lo a lithium 
ion secondary battery comprising a positive electrode 
capable of absorbing and desorbing lithium ion, a negative 
electrode capable of absorbing and desorbing lithium ion, a 
porous film interposed between the positive electrode and 
negative electrode, and a non-aqueous electrolyte; wherein 
the porous film is adhered to a surface of at least the negative 
electrode; the porous film comprises an inorganic filler and 
a first binder; a content of the first binder in the porous film 
IS 1.5 to 8 parts by weight per 100 parts bv weight of tlie 
inorganic filler: the first binder comprises a lirsl rubber 
including an acrylonitnle umt; the hrst rubber is water- 
insoluble and has a decomposition temperature of 250° C or 
higher; the negative electrode comprises a negative ek-c- 
trode active material capable ol absorbing and desorbing 
lithium ion and a second binder; and the second binder 
includes a second rubber particle and a water-soluble poly- 

[0013] A stacked-type battery can be obtained when Ihe 
positive electrode and the negative electrode are stacked 
with the porous film interposed thcrebelwt^fii. and a u ound- 
type battery can be obtamed when the puailivu ek-ctnxie and 
the negative electrode are spirally wound with the porous 
film interposed therebetween. The present invention is appli- 
cable to any tvpe of the battery. 



[U014J Since" the porous film is quite excellent m heat 
resistance and is being adhered to an electrode surface, the 
porous film does not shrink by heat, rendering the deforma- 
tion by softening or buriung difiScult. Therefore, a safe 
lithium ion secondarv batterv can be obtained. Also, since 
the farst binder included m the porous film is water-in- 
soluble, drops in vields due to the delormation of the 
negative electrode can be avoided, even when the porous 
film IS combined with a high performance negative electrode 
including a thickener comprising a water-soluble polymer It 
is desirable that the thickness of the porous him is 0-5 |im or 
more and 20 |.im or less. 

[0015] In the porous film, it is desirable that the first binder 
has no crystalline melting point or has a crystalline melting 
point of 250° C. or higher. It is desirable that the first rubber 
eomprise.s core-shell type particles and has an adhesive 
surface portion. Also, it is desirable that the first rubber 
includes a polyacrylonitrile chain. 

[0016] It is desirable that in the negative electrode, the 
water-soluble polymer includes a mefhylcellulose unit It is 
desirable that the second rubber particle includes a slyrene 
unit and a butadiene unit. 

[0017] I he present invention also aims to effectively pre- 
vent a short circuit of lithium ion secondary battery by 



optimizing the balance between lithium ion acceptability of 
negative electrode and lithium ion permeability of porous 
film. 

[0018] That is, it is desirable that a content of the second 
binder in the negative electrode is 1 .5 to 3 parts by weight 
per 100 parts by weight of the negative electrode active 
material. Witliin this range, the balance between Ihhium ion 
acceptability of negative electrode and lithium ion peniie- 
ability of porous film can be maintained at optimal condi- 

[0019] When the negative electrode includes a great 
amount of the binder, the surlace of the negative electrode 
active material is covered witli the binder for the most part, 
to decrease lithium acceptability of the negative electrode. 
When lithium ion acceptability of negative electrode 
declines in a battery having no porous film, metallic lithium 
deposits at gaps between the negative electrode and the sheet 
separator. The drawbacks involved with such state are 
developed as an increase in irreversible capacity over a long 
period of time. On the other liand, when the porous film is 
attached on a surface of tlie negative electrode, since there 
is no nap between the negative electrode and the separator, 
metallic lithium deposits in the porous film. .4s a result, a 
delect occurs as a short circuit over a short period of time. 
Bv setting the content ol tlie second binder in tlie negative 
electrode to 1 .5 to 3 parts by weight per 100 parts by weight 
ol the neoativc electrode active material, such defect can be 
suppressed. 

[0020] .Xtlditionally, bv optimizing tlie balance of litliium 
acceptabilitv of negative electrode and lithium ion perme- 
ability ol porous film, a lithium ion secondary battery 
excellent in high-rate characteristic can be obtained, in 
addition to suppressing the occunence of defects. 
[0021] The present invention also aims to achieve a higher 
safety bv usina a combination of a porous film excellent in 
heat resistance and a ciinveiitioual sheet separator 
-[0022^ 



s, bv tiirthcr pT 



between tlie positive electrode and the negative electrode to 
a lithium ion secondary battery of the present invention, a 
higher safety can be achieved. It is preferable tliat tlie 
thickness of the separator is 8 |im or more and 30 |im or less. 



[0023] 1 he present 
yield by controlling the surface : 



achieve a higher 
ighness of the porous film. 



[0024] Tliat is. it is preferable that the surface roughness 
of the porous film is smaller than the surface roughness of 
an electrode surface to which the porous film is adhered, in 
view of preventing a separation of a material mixture from 
the electrode and a decline in yield. By making the surface 
roughness on the electrode surface small, a separation of the 
material mixture during a process involving fi'ictions can be 
suppressed, to improve yields. 

[0025] For example, in the case ol ocuativc clccirude. 
when a needle-shaped graplute is used lor the active ni.ile- 
nal. compared with the ca.se when a Make liiapluie is use;! 
the surface roughness ol the surlace ol the negative elec- 
trode increases, causing a tendency to decrease vields In 
such a case as well, by decreasing the surface roughness of 
the porous film formed on the surface of the neeative 
electrode, the separation of matenal mixture can be pre- 
vented effectively. The separation ol matenal mixture is 
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likely to occur when a filler harder than the electrode active 
material is disposed along the asperities of the electrode 

surface. 

[0026] By making the surface of porous film more smooth 
than the electrode surface, wliich is the base of the porotis 
film, separation of the material mixture due to friction, 
which can happen in the conventional lithium ion secondary 
battery having no porous fihn as well, can be suppressed, to 
greatly decrease defects of internal short circuit caused 
mainly by separation, and to increase yields. 

[0027] Based on such, ;m electrode plate with a greater 
surface roughness can be applicable to a practical use. 
Therefore, a material which has been considered inappli- 
cable for usage conventionally can be selected as an active 
material, improving versatility of a high performance 
lithium ion secondary battery. 

[0028] In order to sufficiently adhere the porous film to a 
surface of an electrode, which is a base, it is desirable that 
tlie content of the inorganic filler included in the porous film 

is 99 wt % or below 

[0029] It is desirable that in the porous film, the inorganic 
filler comprises an inorganic oxide. It is desirable tku the 
surface of the inorganic oxide is alkaline, and that the 
inorganic oxide has a liC 1 specific surface area of 0.9 m'/g 
or more. It is known thai when a filler having an alkaline site 
on the siirkice thcreol and a polymer having an acidic group 
are mixed, acidic group of the polymer makes bonding with 
the alkaline site of the filler (Ref. Development Technology 
of Functional Filler, CMC Publishing CO., VA D, pp. 37-47). 
[0030] Many binders produce m acidic group by oxidation 
or reduction in a battery. Among the binders, rubber particles 
are especially apt to hold an acidic group. When producing 
a battery having a wound-type electrode plate group, in 
many cases, rubber particles are used as an electrode binder, 
since the electrode plate needs to have flexibility. Wlien the 
acidic group captures lithiu m ion in the batteiy. desired 
Twttery'^peiToiTOaifce cannot be obtained, and the life of 
rubber particles is shortened at the same time. On the other 
hand, when the acidic group of the binder makes bonding 
with the alkaline site of the filler, the lithium-capturing by 
the acidic group is suppressed due to a formation of a block 
product, which enables the prevention of the above defects. 

[0031] It is desirable that the inorganic oxide includes at 
least one selected Irom the group consisting of alumina and 
titanium oxide. In view of obtaining sufficient electrolyte- 
resistance, it is desirable tliat a-alumina is used particularly, 
among alumina. Also, since the particle size of titanium 
oxide can be easily controlled to 0. 1 ^m or below relatively, 
titanium oxide is suitable for controlling the filled in struc- 
mre, porosity, and pore size of the porous film. Since 
utanium oxide has a lower degree of hardness compared 
with alumina, which is also used as abrasives, titanium oxide 
is also excellent with regard to the point that a kneader pot 
will not be damaged at the time of preparing a material paste 
for porous film. .A.Ithougli a usage of silica as an inorganic 
oxide has also been proposed, alumina and titanium oxide 
are preferable in view of battery life and reliability, since 
silica may be eroded by non-aqueous electrolyte. 

[0032] It is desirable that the inorganic filler comprises a 
mixture of a large particle group and a small particle group. 



and the average particle size .\ of the large particle group and 
the average particle si/.e U of the small particle group satisfy 
the fomiula (1): 



BRIEF DESCRIPTION OF DR.4W1NGS 
[0033] FIG. 1 is a view schematically showing a structure 
of a porous film of the present invention, 
[0034] KK;. 2 is a view schematically showing an 
example of electrode arrangement in which a porous film of 
the present invention is adhered to the electrode. 
[003S] FIG. 3 is a vertical cross sectional view of an 
example of a lithium ion secondary battery of the present 

[0036] FIG. 4 is a schematic view showing a structure of 
a conventional porous film. 

[0037] FIG. 5 is a scliematic view showing a structure of 
another conventional porous film. 

[0038] FIG. 6 is an example of the FT-IR absorption 

spectnim of an example of a first rubber including an 

acrylonitrile unit (core-shell lype particles). 

[0039] FK;. 7 is an Sl^M photograph ol' a cross section of 

a negative electrode of the present invention. 

[0040] FIG. 8 IS an SEM photograph of a cross section of 

a porous film of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0041] In the present invention, a porous film interposed 
between a positive electrode and a negative electrode com- 
prises an inorganic filler and a first binder. The porous film 
has to be adhered to a surface of at least the negative 
electrode, fliis is because in litliium ion secondary batteries, 
the widtli (il ihc iicgutive electnide is designed to be larger 
than olie- wnlih -oi: ihc -positive electrode, to prevent on 
electric current from concentrating on an edge of the nega- 
tive electrode. 

[0042] Even though a porous film is formed on a sheet 
separator, the porous film shrinks when tlie separator 
shrinks. Therefore, when a great amount of heat is generated 
by a short circuit, the shrinkage of die porous film with the 
separator caimot be avoided, regardless of the heat resistance 
of the porous film itself. 

[0043] Also, when an independent sheet composed of a 
sole porous fiJm is to be fonned, in view of keeping its sheet 
form, its thickness should be made very large, and a great 
amount of the binder becomes necessary. Tlierefote, in view 
of battery characteristics and design capacity, it is less 
practical to form an independent sheet of the porous film 

[0044] .Additionally, by fomiing the porous tihii adhered 
to a suri'ace of an electrode, asperities of the surtace of an 
electrode material mixture layer are covered with the porous 
film, making the friction of electrode surface small. .As a 
result, a separation of the material mixture can be suppressed 
effectively. 

[0045] 'ITie first binder content in the porous film needs lo 
be 1.5 to 8 parts by weiglit per 100 parts by weight of the 
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filler. When the first binder content is less tlian 1,5 parts by 
weight, a porous film with sufficient strength cannot be 
obtained, and when the first binder content is over 8 pans by 
weight, gaps in the porous film become insu llicient. decreas- 
ing lithium ton permeability to lower rate cliaracteristic 
Also, a control of the microporous structure formed by the 
gaps among filler particles becomes dilFicult. 
[0046] llie first binder has to be water-insoluble. 
[0047] The reason is that the most of high performance 
negative electrodes include a water-soluble polymer such as 
cellulose resin as a thickener. If the tirst binder is water- 
soluble, the first binder has to be dissolved in water at the 
time of preparing a raw material paste for porous film. \^'hen 
such raw material paste is applied on the negative electrode, 
the water-soluble polymer in the negative electrode swells 
by water included in tlie raw material paste for porous film. 
In tliis case, the negative electrode deforms to cause a 
disadvantage such as a drastic decrease in yields. 
[0048] Herein, "the binder is water-insoluble" means that 
a substantially uniform solution cannot be obtamed even the 
binder is mixed with water On the contrary, it is desirable 
that the binder dissolves homogenously in an organic sol- 

[0049] In the porous film, it is preferable that a rubber (a 
lirsi rubber) including an acrylonilrile unit, desirably a 
polyaciylonitrile chain, is used as the first binder entirely or 
partly, fhe first rubber including a polyacrylonitrile chain 
has a higher decomposition temperature, due to the heat 
resistance inherent in polyacrylonitrile (the softening point 
of 250 to 350° C, the decomposition temperature of 350" 
C). 

[0050] It is preferable that the first rubber is particulate. 
Wlien the first rubber is particulate, point-adhesion is pos- 
sible between filler particles, so that sufScient binding effect 
can be obtained even with a small amount thereof The state 
ol point-adhesion is schematically shown in KKi. I. Since 
fil l er p article s 12 are adhered to e it ch othci bv a fiisl lubber 
11 with point adhesion, many gaps 15 are seciirtxl between 
a positive electrode 13 and a negative electrode 14, Iherc- 
tore, movements ol an electrolyte or lithium ion will not be 
prevented drasticallv. I bus. the lithium ion conduclivitv is 
sullicicntly secured and an excellent rale characteristic can 
be maintained. .A.Iso, based on the poml-adhesion, the 
strength of the separator can be secured, even with a small 
usage ol the first rubber. 

[0051] It is desirable that the first rubber is core-shell tvpe 
robber particles having an adhesive surface portion. Ilus is 
because tlie core-shell type rubber particles can exert sulli- 
cient binding eflect even with a small amount thereof 
securing more gaps m the porous lilm and sullicienl moving 
path for the liquid electrolyte or lithium ion, 

[0052] It is preierable that the cure-shell tvpe robber 
panicles lurther include an acnlate umt. other than the 
icrvknitrik umt \dditionillv i is pieicrible lint the 
icryl itt umt U rm the idliesn surl ict portion I or the 
acrylate unit, 2-ethvlhexvl acrylate is suitable. 

[0053] The binder having rubber elasticity is excel lent a No 
in the sense that impact resistance is given to the porous film 
I he porous film including the first rubber as a bnider is 
resistant to cracking when winding the positive electrode 



and the negative electrode. Therefore, higher yields for a 
batteiy includmg a wound-type electrode plate group can be 
maintained. On the other hand, in the case of the porous film 
including a hard binder with no robber elasticity, there is a 
concern for occurrence of cracks during the manufacturing 
process of a wound-type battery. 

[0054] .'Vs preierable examples oftlie first robber, modified 
aeryloniirile robbers such as BM-.SOOB and BM-720H 
manufactured by Zeon Corporation can be mentioned, for 
example, and these are commercially available. 

[0055] When using a first binder comprising plural kinds 
of resin material for the porous film, it is preferable that the 
ratio of the first robber relative to the first binder as a whole 
is 20 to 80 wt %. When the first robber is particulate, the 
average particle si/,e of the particles is preferably 0.05 to 0.3 
(im, in terms of obtaining a porous film with well-balanced 
strength and porosity. 

[0056] When selecting the resin material used for a bat- 
tery, the stability of resin derived from Molecular Orbital 
method (HOMO/LUMO) is used as an indicator, conven- 
tionally. Based on such indicator, generally, single compo- 
nent resins or a combination thereof (copolymer) is selected. 
Therefore, mbber including a polyacrylonitrile chain, wliich 
is unstable under the negative electrode potential, is hardly 
selected, from a conventional viewpoint. 

[0057] When a first binder comprising plural kinds of resin 
material is used in the porous film, for the resin material 
other than the first robber, fluorocarbon resin such tis poly- 
vinylidene fiuoride (PVDF), cellulose resin such as car- 
boxymethyl cellulose (CMC), or polyvinylpyrrolidone 
(PVH) can be used. .Also, in view of giving an appropriate 
viscosity to the raw material paste for porous film, it is 
preferable that fluorocarbon resin (for example, PVDi- with 
a molecular weight of 100000 to 1000000) is used in 
combination with the first rubber. 

[00581 In the core-shell type rubber particles including a 
polvacrvlonitrile cliam and an acrylate unit, in terms of 
balance between adhesiveness and robber elasticity, it is 
preferable that the absorption iiiti.risit\ biscd on C==0 
stretching vibration is 3 to 50 times the absorption intensity 
based on C«N stretching vibration of the acrylomtnle unit- 
in absorption spectrum ot robber particles obtained by an 
I- f-IR measurement. Wlien the absorption mtensity based on 
C=0 stretching vibration is less than 3 times the absorption 
intensity based on C— N stretchma vibration, binding effect 
ol the rubber particles becomes insuflicient. and when the 
absoi-ption intensity based on C=0 stretching vibration is 
over 50 times, robber elasticity ot the robber particles 
becomes insullicient. to weaken the strength of the porous 
film, rhc absorption intensity rolors to the height of absorp- 
tion peak seen from the base line of the spectrum. 

[00'=;9] In the 1 MR inc isuremenl ibsorptu ii spectram ol 
th urc 1x11 type uibbn pirtick cm be me tsiired b\ 
using a sample m which the robber particles are applied on 
a K.Br plate, lor example. Generally, tiie absorption based on 
C ==() stretching \ibi itK n is obser\ed ir mnd 1700 to 1760 
cm and the absorption based on ( :=N stretching vibrauon 
IS observed around 22(K) to 22X0 cm"' 

[0060] In the porous film, the lirst rubber has to have a 
decomposition temperature of 250° C. or more. .Also, when 
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tlie first rubber particles are crystalline, the first rubber has 
to have a crystalline melting point of 250° C. or more. 

[0061] The reason is that in a nail penetration test, which 
serves as an evaluation regarding an internal short circuit, 
the temperature at the time of an internal short circuit 
exceeds several hundred ° C, depending upon the condi- 
tions. In such a high temperature, the first rubber liaving a 
decomposition temperature below 250° C, or the first rubber 
having a crystalline melting point of below 250" C. is burned 
out or excessively softened, to deform the porous film. The 
deformation of the porous tilni causes abnormal ovcrheat- 

[0062] it is desirable that the inorganic filler included in 
the porous film has a heal resistance equal to or higher than 
that of the first binder, is stable electrochemically under the 
environment of the lithium ion secondary battery in opera- 
lion, and is suitable tor making it into a paste (paint). 

[0063] The Bfrf specific surface area of the filler kis to be 
0.9 m"/g or more, preferably 1,5 m"/g or more, in view of 
making the impregnalion of electrolyte into the electrode 
plate group easier, wliile improving battery performance and 
life, When tlie BHT specific surface area is below 0.9 m^/g, 
tlie adliesion between the first binder and the filler deterio- 
rates to weaken the strength of the porous film, and espe- 
cially in manufacturing a wound-type electrode plate group, 
causing a defeclive product, .additionally, it is preferable 
tlial the BHT specific surface area is not too large, and is 1 50 
m'/g or below, in view of suppressing coagulation of the 
filler and optimizing fluidity of the raw material paste for 
porous film. 

[0064] it is preferable lhat the specific gravity of the 
inorganic filler is 0.3 to 5 g/cm^ in view of shortening the 
kneading time of the raw material paste for porous film. 
Further, it is preferable tliat the average particle size (vol- 
uine-based D,,,) of the filler is 0.1 to 5 (im, and furdier 
preferably 0.2 to 2 ^m. Wlien the average particle size is too 
large, a thin (for example, a thickness of about 20 \iin), 
uniform porous film is difficult to be formed: Wlien the 
average particle size is too small, the necessary amount of 
the resin material increases with the increase in the surface 
are of the filler, thereby making it difficult to form sufficient 
gaps in the porous film. 

[0065] Also, in view of controlling the filled-in state of tlie 
filler, it is preferable that the filler comprises a mixtiu-e of a 
large particle group and a small particle group. It is prefer- 
able that the average particle size A (volume-based Djo) of 
the large particle group is 0.2 to 2 ^un. Additionally, the 
average particle size B (volume-based D50) of the small 
particle group is 0.01 to 0.5 \im. 

[0066] It is preferable that the average particle size A of 
the large particle group and the average particle size B of the 
small particle group satisfy the formula (1): 



[0067] When the value of B/A is below 0.05, the surface 
area of the filler increases, which necessitates a great amount 
of the first binder in order to obtain a porous film with 
sufficient strength. Also, when the value of B/A is over 0.25, 
the gaps formed in the filler become excessively large, 
failing to obtain capillary effect sufficiently, further decreas- 
ing the rate characteristic. 



[0068] It is preferable that the content of the smal 1 particle 
group in the filler as a whole is 1 to 20 wt %, and that the 
rest is the large particle group. Wlien the content of the small 
particle group is too small, it becomes diflicult to fill the 
filler in the state close to the closest packing: When the 
content of the small particle group is too large, the surface 
area of tlie filler increases, necessitating a large amount of 
the first binder in order to obtain the porous film with 
sufficient strength. 

1 0069] l or the above inorganic filler, inorganic oxides 

such as silicon oxide, alumina (AUO,), and titanium oxide 
arc preferable, Hspecially, alumina and titanium oxide are 



preferable. Also, among alui: 




suitable 


especially, and among titaniim 






erable, rather than rutile-type. 


The surface of the 






line site, which makt 


s a bond 


with an acidic gi'oup included 


in the first binder 10 


stabilize 


the structure of the porous film 


WithtlieiiscDfunat 






ilh excelleni shape-n 




adliesion, elcclrolyle-resislancc 






be obtained. .Although various 


resin fine particles 





conunon as a tiller, the resin ime particles are low in heat 
resistance, and also poor in electrochemical stability com- 
pared with inorgaiuc oxides. 

[0070] The inorganic oxide can be used alone, or can be 
used in combination of two or more. However, the content 
of the alumina or of the litaniuin oxide in the filler as a whole 
is preferably 50 wt % or more. A plurality of porous films 
mcluding dill'erent kinds of fillers may be laminated as well. 

[0071] The following can be mentioned as tlie reasons 
why alumina is preferably used. 

[0072] (1) The median diameter of alumina is suitable for 
forming tlie microporous structure (median diameter 0.02 to 
0.09 \ua) required for tlie porous film. 

[0073] (2) Alumina is stable for both potentials of oxida- 
tion and reduction (0 to 5 V/vs Li). 

[0074] (3) Aliunina has less asperities in its particle sur- 
face (has a small surface area), and a porous film with a 
higher stiiength can be easily obtained by a small amount of 
binder usage. 

[0075] It is preferable that gaps in the porous film have the 
pore size of 0.1 (.uii (l(X) nm) or below, and further prefer- 
ably 0.02 to 0,07 (.im (20 to 70 nni), since when the pore size 
or distribution of the gaps in tlie porous film is not uniform, 
litliium dendrite easily grows to deteriorate battery reliabil- 
ity. Also, it is desirable that such gaps are distributed 
unitbrmly. 

[0076] In view of making the pore size or distribution of 
gaps in tlie porous film uniform, it is desirable that trtaiium 
oxide with relatively small particle size is used. To be 
specific, the particle size of titanium oxide is preferably 0. 1 
Jim or below. Also, it is preferable that the average particle 
size (median diameter) based on the number of titanium 
oxide is 0.04 to 0.1 Mm. 

[0077] When ihnenite is used as a raw material of titanium 
oxide, ilmenite is dissolved by sulfuric acid in a reaction 
vessel, and then a step of sedimentation is carried out for 
separating the dissolved matter. ITie particle size of titanium 
oxide can be controlled by the reaction time at this time. 
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[0078] Among the first binders, many are cixidized or 
reduced in a battery to produce an acidic group. Particularly, 
rubber particles easily carry tlie acidic group. In tlie litliium 
ion secondary battery, battery performance deteriorates 
when the acidic group captures litliium ion. nierefore, it is 
preferable that the acidic group in the first binder is 
decreased as much as possible, by bonding the acidic group 
of the first binder with tlie filler surface. 
[0079] On the other hand, some fillers are alkaline on a 
surface thereof. When the filler has an allcaUne site on the 
surface thereof, the bonding strength between Ihe acidic 
group of the first binder and the surface of the filler is 
heightened. The alkaline site is formed from cations such as 
aluminum ion. The filler surface preferably has a pH of over 
7 and not larger than 12. 

[0080] The porous film can be obtained in a state such that 
it is adhered to an electrode surface, bv a sten of applving a 
paste mcludmg the raw matenal ol the porous film (herein- 
atter referred to as raw matenal paste) on the electrode 
surface. In the litluum ion secondary battery, the width of the 
negative electrode must be designed to become wider than 
the width of tlie positive electrode, in order to prevent a 
concenlralion ol an eleclnc currenl to an edge of the 
negative electrode. ITiereiore. in terms oi fail-safe, the raw 
matenal paste should be applied on a surface of at least a 
negative electrode having a laruer width. 
[0081] Ihe raw matenal paste for porous film is prepared 
b\ dispersing the filler and the first binder in a liquid 
component. Vor the liquid component, N-methyl-2-pyrroli- 
done, acetone, or lower alcohol can be used, and non- 
aqueous electro Ivte can be used as well. 
[0082] I he content of the raw material (a total oi' the filler 
ami itic lirsi binder) m the raw material paste tor the porous 
tilm IS prelerablv 25 to 70 wt %. When the raw material 
content is loo small, the porous film with a desired thickness 
and strength is difhcult to be obtained, and when the raw 
matenal content is loo large, the viscosity of the paste 

becomes higher to make the application ditticult. 

[0083] Although the thickness of the porous film is iioi 
pamcularly limited, the thickness is preferably 0.5 lo 20 mn 
m view of making fiill use of the safety improvement 
function by the porous film, while maintaining the designed 
capacity of the battery. Also, when a sheet separator gener- 
ally used currently is used m combination with the porous 
film, the total thickness of the sheet separator :ind the porous 
film can be controlled to become 15 to ^0 |.im 
[0084] 1 he usage of lil inn m t xKk li im i_ , m i ' - 
size for the filler is advantageous lor makma the ponnw fhr 

oxidt hnini the null pirtn.lt si/e the ^pitnf shire ot 
electrodes in a battery-can may be larger to increase Ihe 
capacity, since a certain level ol performance can be 
obtained even when ihe thickness ol the porous film is 
thinner. 

[0085] The positive electrode and ihc negative eleclrodc 
capable of absorbing and desorbmg lithium ion usually 
compnse an electrode core material and ;iri 
nal mixture earned thereon. The electrode mnton.il iiuxiure 
includes al least an active matenal and a binder, and includes 
a conductive agent as necessar>'. ITie electrode plate is 



generally prepared by applying a mixture of the electrode 
material mixture and a dispersion medium (material mixture 
paste) to the electrode core material, drying the mixture, and 
then rolling. 

[0086] In the present invention, by controlling the surface 
rougliness of the porous film, a higher production yield can 
be achieved. In particular, by controlling the surface rough- 
ness oi the porous film to become smaller than the surface 
rougluiess of the electrode surface where the porous film is 
adliered, the yield can be improved. This is because the 
porous film causes a decrease of the friction on the material 
mixture layer surface, the friction causing the separation of 
tlie material mixture. In view of avoiding the separation of 
the material mixture efiectively, it is desirable that the 
average surface roughness of the porous film Ra measured 
by a commercially available surface roughness measure- 
ment instrument is below 2.1 )j.m, and further desirably 

[0087] I or Ihc particular method to form, on the material 
mixuire layer, the porous lilm having a smaller surface 

applying the raw malerial p.isic lor puruus lihn on the 

pnmmg are easy Also, a method ol mmiersmg the electrode 
plate in the raw matenal paste such as a batch style or 
successive style dip method, can be adopted. Further, a 
method of spraying the raw matenal paste on tlie material 
mixture layer such as spray emitting method can also be 
adopted. In any of these methods, an optimal viscosity of the 
raw matenal paste should be determined from the relation- 
slup between the target thickness ol the porous film and the 
asperities ol the surface of the electrode plate as the base. 

[0088] A cross-seetional photo by scanning electron 
microscope (SEM) of an example ol a neeative electrode 
plate ol the present invention is shown m HG. 7. ITie upper 
part and ihe bottom part of l Ui. 1 are almost symmetrical 
and an area in Ihe center shown by a near-while color is a 
negative electrode core matenal. Ihe areas shown by a 
near-black color on both sides of the negative electrode core 
m.ileiial are the nenalive electrode matenal mixture layers- 
respeclively. On llie outside of each negative electrode 
malerial mixture layer, porous films are formed. Addition- 
ally, a cross-scctional photo by SEM mcludmg an interface 
between the porous film and tlie negative electrode material 
mixture layer is shown in FIG. 8. In the negative electrode 
matenal mixture layer as the base (the bottom part of the 
I H i,), only a flake graphite is used as an aelive malerial 
r rum these FIG.s, It IS clear that by optimizing the viscositv 
u: the raw matenal paste for porous film, ihe ntw material 
paste can enter into minute aspenties of Uie negative elec- 
trode to smooth out the electrode surface. 

[0089] Generally, a negative electrode includes a negative 
electrode active matenal. a binder (a second binder) and a 
water-soluble polymer 

[0090] I or the negilne electrode ictive miten il % mous 
natural graphites, vanous artificial graphites, silicon-con- 
taming composite materials such as silicide and vanous 
alloy matenals can be used 

[0091] When controlling the surface rouglmess of the 
porous film, a vapor grown carbon liber (V(i(T-) which is 
especially highly conductive among negative electrode 



us 2006/01941 16 Al 



7 



Aug. 31,2006 



active materials can be used in a kirgcr amoimt than con- 
ventionally. This is because although the VGCF causes 
many asperities on the material mixture layer surface, such 
asperities are to be covered by the porous film to avoid the 
problems such as the separation of the material mixture, 
[0092] A short circuit due to deposits of metallic lithium in 
the porous film appears to occur mainly when lithium 
acceptability of the negative electrode is inferior to lithium 
permeability of the porous film. Lithium acceptability of 
negative electrode decreasies as the amount of the second 
binder increases, to raise possibility ol' the short circuit 

[0093] Therefore, in tlie present invention, it is desirable 
tliat the decrease of lithium ion acceptability of negative 
electrode is suppressed to the minimum by using the second 
binder which can exert sufficient binding effect with a small 
amount of usage. In order for that, it is effective to use rubber 
particles (second rubber particles) in combination with a 
water-soluble polymer iis a sec-ond binder. 
[0094] For the second rubber particles, rubber particles 
including a slyrene unit and a butadiene unit are preferable. 
For example, styrene-butadiene copolymer (SBR), and 
modified SBR can be used, although not limited thereto. 
[0095] For the water-soluble polymer, cellulose resins are 
preferable, and those including a melhylcellulose unit is 
particularly preferable. I'or example, carboxymethyl cellu- 
lose (CMC), melhylcellulose, and metal sails thereof are 
used preferably. ,\mong these, CMC partly converted into 
alkali metal salt is the most preferable. 

[0096] The amomil of the second binder and the amount of 
the water-soluble polymer included in the negative electrode 
arc preferably 0. 1 to 5 parts by weight and 0.1 to 5 parts by 
weight, respectively, per 100 parts by weight of the negative 
electrode active material. 

[0097] In order lo keep lithium acceptability of the nega- 
tive electrode at a higher leve l, it is desirable that th e rn ial- 
amount of the second rubber particles and the water-soluble 
polymer included in the negative electrode is 1.5 to ^ parts 
by weiglit per 100 parts by weight of the negative electrode 
active material. When the total amount of these is below 
parts by weiglit per JOG parts by weight of the negative 
electrode active material, destruction of the staictiire of the 
negative electrode may occur (material mixture peelings), 
and when over 3 parts by weight per 100 parts by weight of 
the negative electrode active material, Uthium acceptability 
of the negative electrode may become insufiScient, which 
may make it diiBcult to prevent a short-term occurrence of 
short circuit. 

[0098] It is preferable tliat the average particle size of the 
second rubber particles is 0.1 to 1 (jxa, in view of securing 
binding effect, wliile avoiding excessive coverage of the 
active material thereby. 

[0099] It is preferable that weiglit ratio of the second 
rubber particles and the water-soluble polymer is 1:10 lo 
1 0: 1 . When the ratio of the water-soluble polymer relative to 
the rubber particles is too large, due to poor flexibility of the 
water-soluble polymer, the flexibility of the electrode plate 
deteriorates, making the material mixuire prone to peel at the 
time of forming the electrode plate group. On the other hand, 
when the ratio of tlie second rubber particle relative to the 



water-soluble polymer is too large, stability of the negative 
electrode material mixmre paste prepared in the production 
process of tlie electrode plate declines, to cause variations in 
tlie applied amounts of the paste on the electtade core 
material, and to decrease productivity. 

[0100] Generally, the positive electrode includes al least a 
positive electrode active material, a positive electrode 
binder, iind a conductive agent. 

[0101] For the positive electrode active material, a com- 
posite oxide can be mentioned. For tlie composite oxide, 
lithium cobaltate, modified lithium cobaltate, lithium nick- 
elate, modified lithium nickelate, lithiimi manganale, modi- 
fied lithium manganate are preferable. Each modified prod- 
uct may include elements such as aluminum, magnesium, or 
tlie like. Also, some include at least two selected from 
cobalt, nickel, and manganese. 

[0102] For the positive electrode binder, although not 
particulariy limited, polytetrafhioroethylene (PTFE), modi- 
fied acrylonitrile rubber particles (BM-500B manufactured 
by Zeon Corporation), and polyvinylidene fluoride (PVDF) 
can be used It is preferable that FI FR and BM-500B are 
used in combination with CMC, polyethylene oxide (PEO), 
or modified acrylonitrile rubber (BM-720H manufactured 
by Zeon Corporation), which serves as a thickener for the 
raw material paste for positive electrode material mixture 
layer. PVDF alone functions as both of a binder and a 
thickener. 

[0103] For the conductive agent, acetylene black, Ketjen 
black, and various graphites can be used. These can be used 
alone, or used in combination ol two or more. 

[0104] .\ ni)n-aquei)us electrolyte generally comprises a 
lithium salt and a nun-aqueous solvent. For the litlnum salt, 
l.il'l-,-, or l.iBl , IS used, lor example. For the non-aqueous 
solvent, elhvlenc carbonate (1-,C ), propvlene ciirbonate ( K ), 
dimethvl carbonate (DMC), diethvl carbonate (\WC). 
tnelhyl elliyl carbonate (.Ml-,( ). Y-bulvn)lacli)iie, and denva- 
tives thereof can beniYciitioned, although not to be limited 
thereto. .41tliougli one kind ol non-aqueous solvent can be 
used alone, a combination ol two or more non-aqueous 
soK'ents is preferable. 

1 0105] \invlene carbonate (VC), cyclohexylbenzene 
(( HB). and modified VC or CHB can be used, in order to 
lorin an excellent film on the positive electrode and/or the 
negative electrode for securing stability at the time of 

[0106] .'\ positive electrode capable of absorbing and 
desorbing lithium ion. negative electrode capable of absorb- 
ing and desorbing lithium ion, and non-aqueous electrolyte 
can be appropriately selected from known materials for 
usage, and are not limited to the above listed ones. 

[0107] In the present invention, by using a porous film 
excellent in heat resistance and a conventional sheet sepa- 
rator, safety can be achieved at a higher level. .Although the 
sheet separator is not particularly limited as long as the sheet 
separator comprises a material endurable to the usage envi- 
ronment of the lithium ion battery, generally, microporous 
film comprising an olefin resin such as polyethylene or 
polypropylene is used. The microporous film can be a single 
layer lilm comprising one kind of olefin re.sin, or can be a 
plural layer film comprising two or more olefin resins. 
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[0108] Although the tliickness of the sheet separator is not 
particularly limited, in view of maintaining the designed 
capacity of the battery, the diickness is preferably 8 to 30 

[01 09] hi the following, the present invention is concretely 

described based on Examples. 

[0110] First, the method of physical property evaluation 
for the liller and the first binder forming the porous film used 

in Examples is described. 

[I] pH of Filler 

[0111] For pH measurement, a boiling extraction glass 
electrode measurement method was used, and the meastire- 
ment was carried out based on JIS R6129-1976 and 
JIS28802-1984. .Also, pH measurement using ELS-8000 
(pH titration apparatus) manufactured by Otsuka Electronics 
Co., Ltd. was carried out. 

[2] BE! Specific Surface Area of Filler 

[Oil 2] fhe measurement of the BHT spcx-ific surface area 

was carried out by usuin a direct-reading specific surficc 

30 minutes m 25()- f. under :i How of;! mixed carrier ii.is of 
nitrogen and helium (vt)lumc raiio N ,;He=30:70). Then, 
while cooling the sample ol the insulating filler with hquid 
nitrogen, N, m the earner gas was iidsorbed ihereoii. .Sub- 
sequently, the temperature ot ihc sample ot the insulaimg 
filler was raised to give room temperature- I he desorbcci 
amount ot N, was detected by a Ihemial conductive detector, 
and the specific surface area was calculated from the surface 
area correspondmg to the desorbed amount ot and a mass 
of the sample after the measurement. For the calculation. 
NOVA2000 manufactured by Yuasa Ionics Inc. was used 
[3] Heat Resistance of Filler 

[0113] Differential scanning calorimetry (DSC) and ther- 
mogravimetry-differential thermal analysis (TG-DT.A.) were 
carried out for the sample of the filler, to evaluate heat 
resistance based on tlic temperature of an inflection point in 
the DSC measurement or the temperature at the start point 
of tile weight change in the TG-DT.4 measurement. 

[4] Crystalline Melting Point or Decomposition lomperaturc 
of Binder 



[0114] Diflerentidl 


scaiming calonmetry (DS( ) and ther- 


mogravimetrv-diffcrc 


ntial thermal analysis (TG-DTA) of 




re earned out, and the temperature of 


the mficclion point i 






point ol the weight change m the 




11 was regarded as the crvslalline melt- 


ing point or the deco 




[5] AflBmty between 1 


l irst Binder and Water 



[0115] Solubility of the first binder in water at room 
temperature and atmospheric pressure was measured, and it 
was determined as "water-insoluble" when the solubility is 

1 wt % or below. 



[6] Particle Size Distribution and Median l>iameter of Filler 
[Oil 6] Die measurement of the average particle size was 
carried out by using a laser diflraction scattering particle size 



distribution analyzer (Master Sizet 2000 manufactured by 
Malvem Instruments Ltd.) ;md a centrifugal particle size 
distribution analyzer (SA-CP3 manulactured by Shimadzu 
Corporation). 

EXAMPLE 1 

[01 17] FK;. 2 and FIG. 3 are referred to in the following 

(a) Preparation of Raw Material Paste of Porous Film 
[0118] A raw material paste for a porous iilm was prepared 
by dispersing a filler and a first binder in N-melhyl-2- 
pyrroUdone (NMP) in the ratios shown m Table 1, and then 
kneading them. Tlie total content of the filler and the first 
binder in the paste was set as 50 wt % in any of the case. 
[0119] For the first binder, core-shell type rubber particles 
including an acrylonitrile unit (a first rubber) and polyvi- 
nylidene fluoride (PVDF) with a molecular weiglil of 350, 
000 were used in combination. 

[0120] Flerein, for the core-shell type nibber particles, 
HM5(K)B (average particle size 0.2 p.m) manufactured by 
/eon Corporation, comprising acrylonitrile-acrylate copoly- 

[0121] Physical properties of BM500B are shown in the 
following. 

[0122] <1> Crystalline Melting Point: None (amorphous) 
[0123] <2> Decomposition 'lemperature: 308.5° C. 
[0124] <3> Affinity With Water; Water-Insoluble 
[0125] The absorption spectrum of the first rubber 
(BM500B) obtained by an FT-IR measurement is shown iji 
FK;. 6. For the measurement apparatus, FT-lR microscope 
(Continuum manufactured by Nicolct InstRimcnt Corpora- 
tion, light source: AVAlAR-360) was used. 
[0126] The measurement conditions were set as: sample 
s can 32, bac kgro und scan 32. r esohrtitm 4 000, auU sample 
gain 1.0. For the measurement sample, the first rubber was 
dispersed in N-methyl-2-pyrrolidon, applied on a KBr plate, 
and dried for the usage. 

[0127] In FIG. 6, the absorption peak observed near 2240 
cm"' is based on C-N stretching vibration of acrylonitrile, 
and absorption peak near 1733 cm"' is based on C=0 
stretching vibration, hi FIG. 6, the absorption peak intensity 
(peak heiglit) based on C=0 stretching vibration is about 10 
times the absorption peak intensity (peak height) based on 
C=N stretching vibration of acrylonitrile unit. 
[01 28] For the filler, Al^O, was used. Herein, "alumina a" 
with tlie average particle size of 0.2 to 2 jmi was used alone, 
or a mixture of "alumina a" with the average particle size of 
0.4 ^m and "alumina b" with the average particle size of 
0.01 to 0.15 ^un was used. The "alumina a" content and the 
"alumina b" content in the mixture were set as 90 wt % and 
10 w1 %. respectively. When the particle size distribution of 
the alumina mixture was measured, peaks of particle size 
were observed at 0.35 jxm and at 0.2 \im or below, respec- 

(b) Fabrication of Positive Electrode 

[0129] To 100 parts by weight of LiCoO^, 4 parts by 
weight of polyvinyl idene fluoride (PVDF) as a binder and 3 
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parts by weight of acetylene black as a conductive agent 
were added and subsequently an appropriate amount ol' 
N-methyl-2-pyrrolidone (NMP) was added and then 
kneaded, to prepare a positive electrode material mixture 
paste. The obtained positive electrode material mixture paste 
was applied on bolh sides ofan aluminum foil core material 
21 with a thickness of 20 ^m, and then rolled so thai the 
density of the active material (density of LiCoO,) in a 
positive electrode material mixture 22 became 3.3 g/ml, to 
produce a positive electrode 23. A positive electrode lead 24 
made of aluminum was connected to the positive electrode 
23. 

(c) Vabncation of Negative Electrode 
[01 30] lo 1 00 parts by weight ol spherical artihcial iiraph- 
ite, as a second binder, rubber particles compnsing a copoly- 
mer includuiR a stvrene unit and a butadiene unit, and 
carboxymethyl celhilose (CMC ) were added in the ratios 
shown in lable 1. ,Aji appropnate amount ol water was 
added thereto and then kneaded, to prepare a negative 

[0131 J llLreiu lor the rubber particles compnsing a 
copolymer including a styrene unit and a butadiene unit. 
BM400B (average particle size 0.4 ^lm) manufactured by 
/I ON Corporation compn ing a stvrene methacrvlic acid 
butadiene copolymer, was used- 

[0132] The obtained iiegalive electrode material mixture 
paste was applied onto one side ol a copper loil core material 
25 with a thickness ol 15 (tm. and then rolled so that the 
density of the active material (density ol graphite) in the 
negative electrode material mixture 26 became 1.4 g/'ml- to 
paducc 1 negdtivi. electrode 27 lo the negative electrode 
27, a negative electrode lead 28 made ol copper was 
connected. 



(d) Formation of Porous Fihn 

[0133] llien. the raw material paste for porous film was 
applied to give a thickness of 20 ^tm on one side of the 
negative electrode 27 .so tlwt the negative electrode material 
mixture 26 was completely covered therewith, to form a 
porous film 31. 

(e) Preparation of Electrolyte 

[01 34] For the non-aqueous electrolyte, to a mixed solvent 
ol ethvlene carbonate, ethylmethyl carbonate, and dimethyl 
carbonate with a volimte ratio ol 1:1:1, litliium hexafluoio- 
phosphate (LiPFg) was dissolved to give a concentration of 
I luol/L. Also, to the mixed solvent, 4% by volume of 
vmvlene carbonate was added. 

{I) l-abncation of Battery 

[0135] As shown in HG. 2, the positive electrode 23 was 
disposed on the porous film 31 to form a stacked-type unit 
cell compnsing a pair ol positive electrode and negative 
eiccirodc. I liis unit cell was enveloped by an outer jacket 32 
comprising aluminum laminate sheet, and then, a non- 
aqueous electrolyte was charged into tlie outer jacket. 

[0136] 1 hull, resui sealing matenals 33 covering a part of 
the ixisiiivc electrode lead 24 imd the negative electrode lead 
28 are aligned to be located at an opening end of the outer 
jacket 32, respectively, and the outer jacket 32 was sealed 
under vacuum while free ends of the respective lead were 
drawn to the outside. A litliium ion secondary battery with 
a theoretical capacity ol 600 mAh as shown in FIG. 3 was 
thus completed. 



TABLE 1 




Active weight of char- 
Material Filler Average Particle Size Peeling Peeling ac- 
(parts by (parts by of Filler of of teris- 
'^eigl't^ weiehtl (jmi) Negative Porous Short tic 



Example BM400B CMC BM500B PVDF Alumina a Alumina b Electrode Fitoi Circuit (%) 
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TABl.H 1 -continued 




(Evaluation) 

[0137] hvaluations were earned out for the porous film 
prepared m the above and the completed lithium ion sec- 
ondary banery. as m tlie following 
[Presence or Absence ol Peelings] 

[0138] Appearances of the negative electrode and tlie 
porous film were observed to check il peelings occurred. 
[Occurrence of Short Circuit] 

[0139] bach battery was chtirnal mi 1 21) [ill the battery 
voltage reached 4.2 V. and the chiirgcd battery was left at the 
atmosphere of 45° C. for a week. The battery voltage was 
measured afterwards, and it was determined that a short 
circuit occurred when the voltage was below 4.0 V. The 
results are shown in Table 1 . 

[High-Rate ChnracterislicJ 

[0140] After activating each battcr>' by carr\'ing out a 
predetermined charge and discharge, the batteries were 
charged at 1 20 mA till the battery voltage reached 4.2 \', and 
then discharged at 60 niA till the battery voltage reached 3 
v. llien, llieTJHiiie cliargirrg^WaT; rarfiedTnn and^discharging 
was carried out at 600 inA till the battery voltage reached 3 
V. Tlien, the ratio of discharge capacity when discharging at 
600 m.A relative to the discharge capacity when discharging 
at 60 mA was obtained by percentage. The results are shown 
in Table 1. 

(Results Consideration) 

[0141] The results of Table 1 shows that the porous lilm 
with sufficient strength cannot be obtained when the amount 
of tlie first binder in the porous lilm is small, due to the 
occurrence of peeling.s of porous tilm. Also, it is shown tliat 
high-rate characteristic greatly declines when the amount of 
the lirsl binder is too laj^e. That is, the results of Table 1 
imply that the content of the first binder in tlie porous film 
should be 1 ,5 to 8 parts by weiglit per 100 parts by weight 
of tlie filler. 

[0142] On the other hand, it is shown that the negative 
electrode with sufTicient strength cannot be obtained when 
the amount of the second binder in the negative electrode is 
small due to the occurrence of the peelings of the negative 
electrode material mixture. .Also, when the amount of the 
second binder is too large, a short circuit tends to occur due 
to the decline in lithium acceptability of the negative elec- 
trode. When the battery in wfiich the short circuit occurred 



film, deposits of metallic hthuim were seen in the porous 
film. 1 herelore. it can be seen that the amount of the second 
binder m the negative electrode should be 1 .5 to 3 parts bv 
weight per 100 parts bv wemhl ol the negative electrode 
active material. 

[0143] It cmi be also seen that liigh-rate characteristic 
tends to gradually decline as the ratio (value B/A) of the 
average partjcle size of "alumina b" and "alumina a" 
increases. On the other hand, it can be seen tliat when |he 
value B/A is too small, the strength of the porous film tends 
to decrease. 

[0144] When the average particle size of the filler is too 
small, the surface area tliereof becomes too lai^e to cause 
insuflBcient first binder, showing a tendency to cause peel- 
ings ofthe porous film. On the other hand, when the filler is 
too large, the first binder becomes a surplus, showing a 
decline in high-rate characteristic. 

EXAMPLE 2 

Battery' A 1 

(a) Preparation of Raw Material Paste of Porous 1-ilm 
[0145] A raw material paste for porous him was prepared 
by kneading 970 g of aliunina with a median diameter of 0 3 
)tm as a filler, 375 g of BM-720H (NMP solution contaimng 
8 wt % of a first rubber includmg a polyacrylonitrile chain 
as a first binder) manufactured by ZEON Corporation, and 
an appropriate amount of NMP in a double-arm kneader 
[0146] Physical properties ol" BM-7201 1 arc shown below. 
[0147] <1> Crystalline Meltina Point: None famorphoiis) 
[0148] <2> Decomposition lemperature: 320° C. 
[0149] <3> Affinity With Water: Water-Insoluble 

(b) Fabrication of Positive Electrode 

[0150] A positive electrode material mixture paste was 
prepared by mixing 3 kg of hthium cobaltate, 1 kg of 
PVDFf/1320 (NMP solution containing 12 wt % of PVDF) 
manufactured by Kurcha Chemical Industry Co.. Ltd as a 
binder, 90 g of acetylene black, and an appropnate amount 
of NMP, with a double-arm kneader. This paste was applied 
on an aluminum foil with a thickness of 1 5 |xm. and rolled 
alter drying, to form a positive electrode material mixture 
layer. At this time, the thickness of the electrode plate 
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tonipnsmg llic aluminiun foil and the material mixiurc 
l.iv > w IS -.ot js 1 60 \im Afterwards, the electrode plale w js 
slit to give a width which could be inserted into a can battery 
case of a cylindrical battery (product number 18650) to 
obtain a positive electrode hoop. 

[0151] A negative electrode matenal mixture paste was 
prepared by mixing 3 kg ol amliciul graphile, 75 g ol 
BM-400B (aqueous dispersion including 40 wt % of stylene- 
butadiene copolymer (second robber particle) as a second 
binder) manufactured by ZbON Corporation. 30 g ot CMC 
as a water-soluble polvmer, and an appropriate amount ot 
water with a doiible-ann kneader Fliis paste was applied on 
a copper toil with a thickness ol 10 jmi. and rolled after 
drying, to form a negative electrode material mixture layer 
At tins time, the tliickness ol the electrode plale comprising 
the copper kul and the matenal mixture layers was set as 1 80 
)uii. AUervvards, the electrode plale was sin to give a width 
which could be inserted into the can batiery case of the 
cylindrical battery (product number 18650), to obtain a 
negative electrode hoop. 

(d) Formation of Porous Film 

[0152] The raw material paste for porous film was applied 
on both sides of the positive electrode hoop, and then dried, 
to form a porous film having a thickness of 5 (jm per side 
atiliered to the positive electrode surface. 

(e) Preparation of Electrolyte 

[015-1] For the non-aqueous electrolyte, a solvent mixture 
in which ethylene carbonate, etliyl methyl carbonate, and 
dimethyl carbonate were mixed with a volume ratio of 1 1 1 : 1 , 
dissolving lithium hexafluorophosphale (LiPFg) to give a 
concentration of 1 mol/liter was used. Also, 3% by volume 
of vinylene carbonate relative to the solvent mixture was 
added to the non-aqueous electrolyte. 

(1) Fabrication ol Battery 

[0154] The above positive electrode and negative elec- 
trode were cut to give a predetennined length, respectively, 
and were wound interposing a sheet separator w ith a thick- 
ness of 20 (.im comprising a microporous film made of 
polyethylene, and then were inserted into the banery case. 
Then, 5.5 g of the above electrolyte was weighed and 
injected into the battery case, and the opening of the case 
was sealed. A cylindrical -shape 1 8650 lithium ion secondary 
battery Al was thus made. 

Battery Bl 

[01 SS] A battery B I was made in the same manner as the 
battery Al , except that the porous film was not formed on 
both sides of the positive electrode hoop. 

Battery B2 

[0156] The raw material paste Ibrporous film was applied 
on both sides of tlie sheet separator comprising a polyeth- 
ylene-made microporous film, and then dried, to form a 
porous film having a thickness of 5 ^m per side adhered \o 
the separator surfiace. A batteiy B2 was made in the same 
manner as the ballery B 1 , except lhal the separator having 
the porous film thus obtained was used. 



Batiery B3 

[0157] The raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
to form a porous film having a thickness of 0.3 j.un per side 
adhered to the negative electrode surface. A battery B3 was 
made in the same manner as the battery Bl, except that the 
negative electrode liaving the porous film thus obtained was 

Battery A2 

[0158] The raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
lo tonn a porous film having a thickness of 0,5 jim per side 
adhered lo the negative electrode surface, A battery A2 was 
made in the same manner as tlie battery Bl, except that the 
negative electrode having the porous film thus obtained was 
used. 

Banery A3 

[0159] 1 he raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
lo lorm a porous film havmg a thickness of 1 ^un per side 
adliered to tlie negative electrode surface. .A. battery .\3 was 
made in the same manner as the battery Bl, except tliat the 
negative electrode having the porous film thus obtained was 

Battery A4 

[0160] 'ITie raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
to form a porous film having a thickness of 5 ^mi per side 
adhered to the negative electrode surface. A battery A4 was 
made in tlie same manner as the battery Bl , except that the 
negative electrode having the porous film thus obtained was 

Battery .\5 

[0161] Tlie rawlnatenal paste lor portnlsTilm wasTipplied 
on both sides of the negative electrode hoop, and then dried, 
to form a porous film having a thickness of 10 |jm per side 
adhered to the negative electrode surface. A batiery A5 was 
made in the same manner as the battery Bl, except that the 
negative electrode having the porous film thus obtained was 
used. 

Battery A6 

[0162] The raw material paste for porous film was applied 
on both sides of tlie negative electrode hoop, and then dried, 
to form a porous film having a tliickness of 1 5 jim per side 
adhered to the negative electrode surface. A banery A6 was 
made in the same manner as the ballery Bl, except lhal the 
negative electrode having the porous film thus obtained was 
used. 

Battery A7 

[016.1] 'ITie raw material paste for porous film was applied 
on both sides of tlie negative electrode hoop, and then dried, 
!o form a porous film having a thickness of 20 jim per side 
adhered to the negative electrode surface. A battery .47 was 
made in the same manner as Uie battery Bl, except that the 
negative electrode having the porous film thus obtained was 
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Battery B4 

[01 64] The raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
to form a porous film havii^ a tliickness of 30 \un per side 
adliered to the negative electrode surface. A battery B4 was 
made in tlie same manner as the battery Bl, except that the 
negative electrode having the porous film thus obtained was 

Battery B5 

[016S] A battery B5 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 ^ni per 
side thereof was made in the same maimer as the battery A4, 
except that the thiclaiess of the sheet separator was set as 6 

Battery AS 

[0166] A batlen, A8 in which a thickness of the porous 
film adhered lu ilic negaiive electrode surface was 5 ^m per 
side therenl was made in the same niimneras the battery A4, 
except thai the thickness ol the sheet separator was set as 8 

[0167] A battery A9 in which a thickness of the porous 
film adhered to the negative eleclnxie surface was 5 pm per 
side thereof was made in the same manner as the battery A4, 
except that the thickness of tlie sheet separator was set as 10 
(mi, 

Danery AlO 

[0168] A battery AlO in which a thickness of the porous 
film adhered to the negative electrode surface was 5 jun per 
side thereof was made in the same manner as the battery A4, 
except that tlie tliickness of the sheet separator was set as 15 

Battery All 



film adliered to tlie negative electrode surface was 5 ^un per 
side thereof was made in the same manner as the battery A4, 
except tliat the thickness of the sheet separator was set as 25 

Battery A12 

[0170] A battery A12 in which a thick 1 ! I [ i, u 
film adhered to the negative electrode surface w as 5 mn per 
side thereof was made in tlie same manner as the battery A4. 
except that the thickness of tlie sheet separator was set as 30 

Battery B6 

[0171] .A. battery B6 in which a thickness of the porous 
film adliered to the negative electrode surface was 5 nm per 
side thereof was made in the same manner as the battery A4, 
except that the thickness of the sheet separator was set as 40 

Battery B7 

[0172] A battery B7 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 urn per 
side thereof was made in tlie same mamier as the batter)' A4, 
except that the filler content relative to the total of the filler 
and tlie first binder was set as 30 wt %. 



Battery A 13 

[0173] A battery A13 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 [oa per 
side thereof was made in the same maimer as the battery A4, 
except that the filler content relative to the total of the filler 
and the first binder was set as 50 wt %, 

Battery A 14 

[0174] A battery A14 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 (uii per 
side thereof was made in the same manner as the battery A4, 
except that the filler content relative to the total of the filler 
and the first binder was set as 70 wt %. 
Battery .415 

[0175] A battery .\15 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 (.im per 
side tliereof was made in tlie same manner as the battery A4, 
except tliat the filler content relative to tlie total of the filler 
and the first binder was set as 90 wt %. 

Battery A 16 

[0176] A battery A16 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 (jm per 
side thereof was made in the same manner as the battery A4, 
except that the filler content relative to the total of the filler 
and the lirst binder was set as 95 wt %. 

Battery A 17 

[0177] A batteo' All in which a thickness of the porous 
film adhered to the negative eleclaide surface was 5 (.iM per 
side tliereol was made in the same manner as the battery .A.4, 
except that the filler content relative to the total of the filler 
and the first binder was set as 99 wt %. 

Battery B8 

[0178] A battery B8 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 pm per 
side thereof was made in the same manner as the battery A4, 
except that the filler content relative to the total of the filler 
and the first binder was set as 99.5 wt %. 

Batler>' B9 

[ni79] A butte.r%- B9 in which a thickness of the porous 
tihii adiicrcii to the iieuatne electrode surface was 5 |xm per 
Sid iliei u %\ 1 1 iidt m the same manner IS the b ittcry ^4 
except tint lb the iiisl binder water soluble ( Mt w is usc-d 
instead of BM 72011 to prepaic the riw m itcn il p istt lor 
porous film. Since C MC was used as the first binder m the 
battery B9. for the dispersion medium of the raw material 
paste, water was used instead of NMP. CMC does not have 
I crvsiil line inching point is amorphous and has a decom 
position temperature of 245° C. 

Battery BIO 

[0180] A battery BIO in which a thickness of the porous 
film adhered to llie negative electrode surface was 5 yim per 
side thereof was made in the same manner as the battery .A.4, 
except that as a first binder, water-insoluble PVDF was used 
instead of BM-720H, to prepare the raw material paste for 
porous film. PVDF has a crystalline melting point and a 
decomposidon temperature of 174" and 360" ('.. respee- 
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Battery Bll 

[0181] A ballery BU in which a thickness of the porous 
film adhered to the negative electrode surface was 5 \im per 
side thereof was made in tlie same manner as the banery A4, 
except that as the filler, polyethylene beads with a median 
diameter of 0.3 \im were used instead of the alumina with a 
median diameter of 0.3 pm. 
Battery A18 

[0182] A battery A18 in wMdi a thickness of tlie porous 
film adhered to the negative eleclrode surface was 5 (xm per 
side thereof was made in the same manner as the bancry .'\4, 
except that as the filler, titania with a median diameter of 0.3 
\ua was used instead of the alumina with a median diameter 
of 0.3 nm. 



Battery .419 

[0183] Upon making a negative electrode, instead of 
BM40()B and CMC as tlie second binder, 8 wt % of PWF 
relative to ihe uriificial graphite was used. Herein, IbrPVDF, 
P\T)F#B2() which was used as the binder of the positive 
electrode was used. Oxcept for the above, a battery A19 in 
which a thickness of the porous film adhered to the negative 
electrode surface was 5 |im per side thereof was made in the 
same manner as the battery ,A.4. 

[0184] The conllguration ofthe porous film is summarized 
and shown in Table 2. .A.dditionally, the tliickness of the 
sheet separator and the kinds of the second binder used for 
the negative electrode are summarized and shown in Table 
3. 



TABLE 2 
Porous Film 



BM72t)H 
BM720H 
BM720H 
BM720H 

BM720F1 



BM72UH 
BM720H 
BM720H 



EJectrode 

Electrode 
Negative 
Electrode 



95 BM720H 

99 BM720H 

97 BM720H 

97 BM720H 



us 2006/01941 16 Al 



14 



Aug. 31,2006 



lABl.H 2-ccmlinued 
Porous Film 




BM4(>0B + CMC 
BM4nOB + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 



BM400B + CMC 



(Evaluation) 

[0186] Evaluations were carried out lor the produced 
porous film and the lithium ion secondtiry battery coinplelcd 
in the above, as in the following. Ihe results are shown in 
Tables 3 to 4. 



[Adliesiveness of Porous Film] 

[0187] After applying on tlic positive elcclrode, Ihc nega- 
tive electrode, or the separator und then drvinu. the porous 
film tlius obtained was observed visuallv mimedialelv after 
the lormation. for ihose showed a trace ol chips, cracks, or 
separation are marked as ■ N(j". and those witll good con- 
ditions are marked as -'OK" in fable .3. 
[.\ppearance ol Ncjialive blectrode] 

[0188] .\iter applving the raw material paste for porous ■ 
film on the negative electrode, the paste was dried and the 
condmon ol the negative electrode iinmediatelv alter the 
lormation of the porous hhn was obsen'ed visnallv. for 
those showed delects such as size changes are marked as 
'changed" and otliers are marked as "no change" m Table 3. 
[Flexibilitv o f P orous Film] 



[0189] Upon winding the positive electrode and the nega- 
tive electrode interposing the sheet separator, the condition 
ol the porous him lormeti on anv one of the positive 
electrode, the negative electrode, and the separator were 
observed visnallv. mainlv the condition near the winding 
core, for each batterv. 10 pieces ol the wound electrode 
plate groups were made, and the numbers ol the electrode 
plate group in which chips, cracks, or separation occurred on 
the winding are shown in table 3. 
[Battery Designed Capacity] 

[0190] For a dumieter of 18 mm of the batters' case, the 
diameter ol the wound electrode plate groups were set as 
16.5 mm locusing on easiness ol insertion. In tins case, the 
battery designed capacity was obtained Irom positive elec- 
trode weight, by setting the capacitv per 1 g of the positive 
electrode active material as 142 m.A.h. and shown in Table 4. 
[Charge and Discharge Characteristics ol Hatierv] 
[0191] For the completed batteries comprising the elec- 
trode plate groups without chips, cracks, or separation due to 
the winding, prelimmarv charge and discharge were earned 
out tu iee. and the battenes were stored for 7 days under an 
dtmusplieie ol 45" C . ,4Jterwards, under an atmosphere ol 
20'' C., the following two patterns ol charge and discharge 
were earned out. 
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(2) The Second Patter 



It Charge: 1400 mA (End Vblt- 



■enl Cliarge: 1400 nvV (Hnd Vbll- 



[0196] Conslanl Voltage Charge; 4,2 V (End Current 
100 niA) 

[0197] Constant Current Discharge: 4000 mA (End 
voltage 3 V) 



[Nail Penetration Safety] 

[0199] For those batteries completed the evaluation of 
charge and discharge characteristics, the following chaiges 
were carried out at an atmosphere of 20° C. 



It C^harge: 1400 mA (End Voltage 



[0200] Const 
4,25 V) 

[0201] Constant Voltage Charge: 4,25 V (End Current 1 00 
mA) 

[0202] Tlie batteries after the chiirging were penetrated 
with an iron-made round nail with a diameter of 2.7 mm 
under an atmosphere of 20° C. with the speed of 5 mm/sec- 
ond or 1 80 mm/second from the side face of the battery, and 
heat generation at the time was observed. Tlie temperatures 
reached alter 1 second and after 90 seconds at the penetra- 
tion point of the battery are shown in Table 4. 



TABLE 4 



1938 1935 
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(Results Obsen-ation) 

[0203] In the battery Bl having no porous film, the beat 
generation after 1 second was notable regardless of the nail 
penetration speed. On the other hand, in the batteries Al and 
A2, in which the porous film was formed on the positive 
electrode or the negative electrode, the heat generation after 
the nail penetration was suppressed greatly. 
[0204] As all the batteries alter nail penetration tests were 
disassembled and checked, it was found that in all batteries, 
tlie sheet separator was melted in a widespread area. How- 
ever, in the batteries Al and A2. it was found tlwt the porous 
film kept its original shape. Based on this, it can be ihouglit 
that when the porous film has enougli heat resistance, the 
short circuit occurred after the nail penetration will not 
destroy the film structure, will suppress the expansion of the 
short circuit pan, and will prevent excessive generation of 

[0205] On the other hand, in the banerv B2 in which the 
porous lilni was lornied on the sheet sepanuor il was loiind 
that the heal generation is accelerated when the nail pen- 
etration speed is slow. .As the batteries of the battery B2 were 
disassembled, it was tound that porous him also deformed 
witli the above mentioned meltina of tlie separator This is 
probably because when Uie base subslrale which supports 
the porous tilm to the hori/oiital dircclion is ;i separator and 
when the separator slinnks or inells. the porous film has to 
iollow the changes in fomi ol the separaior. no matter how 
tlie porous lilm itsell has the heal resistance. 
[0206] Herein, characteristics of the nail penetration test, 
which is a substitutional evaluation tor the interna! short 
circuit, and the data interpretation were explained m detail. 
I'lrst, regarding causes ol the heal generalion by the nail 
penetration test, lollowing can be explained Irom the past 
evaluation resuhs. When a positive electrode and a negative 
electrode make a contact (a short circuit) bv a nail penetra- 
tion, the Joule heat is generated. I hen. a material (separator) 
with a low heal resistance is melled by the .loule heat to lomi 
a strong short circuit poriiou. .^yTrTcsnlrrtho^ionteiicanr" 
continued to be generated, and the temperature of the 
positive electrode is mcreased to the temperature range 
tl60 C. or more) where the positive electrode becomes 
ihermallv unstable. I he thermal runaway is thus caused 
[0207] Uso when the n iil pen^tr ition speed is dttre iscd 

i-probibK bet aise vshen iht -.hoit cireuil iici is himled by 
slowing the nail penetration speed per a unit time, a con- 
siderable amount ol heat concentrates on the limited portion 
to accelerate the temperature to reach the temperature range 
where the positive electrode becomes thermally unstable. 
[0208] On ihe other hand, when the nail penetration speed 
IS mcreased to expand the short circuit area per a unit time, 
the heat is dispersed to a greater area, thereby making it 
diflicull lor the positive electrode to reach the temperature 
rant,e where it becomes themialK unstable 
[0209] C tirrenlK m v irious uses the safety standaid foi 
the lithium ion secondary batterv is beconung strict. Under 
such circumstances, the present invention which can sup- 
press the thermal runaway is higlily practital regardless ol 
the nail penetration speed (short circuit state)- 
[02 1 0] .As to the thickness ol the p<irous lilm. in the battery 
B4 having an excessively thick porous film, designed capac- 



ity decreased and capacity under the high-rate discharge 
decreased, due to shortened length of the electrode plate 
forming the electrode plate group. Therefore, in order to 
embody the effects of the present invention sufficiently, it is 
desirable that the thickness of the porous film is 0.5 to 20 

[0211] In the battery B6 which had the sheet separator 
with an excessive thickness, the designed capacity declined 
to a greater degree, and the capacity under tlie high-rate 
discharge declined, due to the shortened length ol the 
electrode plale which formed the electrode plalc group, 
fhereibre, in order to embody the eflects of the present 
invention fully, it is desirable that the thickness of the 
separaior is 30 (im or below. However, in order to suppress 
tlie heat generation involved with the melting of the sepa- 
rator sufficiently, it is desirable that the thickness is 8 nm or 

[0212] The filler content m the porous him is explained 

[02 1 ■<] In the battery B7 in which the filler content relative 
in Ihe filler and the first binder in total was small (binder 
amount was large), a capacity declme under the higli-rate 
discharge could be seen. This is probably becausse the ion 
conductivity of the porous lilm declined due to the excessive 
first binder and insullicienl i>aps among the filler particles. 
[0214] In the balterv B') which used C'MC and in the 
ballery BIO whicli used PV'DH. as Ihe first binder in the 
porous film, the heat generation was not suppressed when 
Ihe nail penetration speed was slowed. When these batteries 
were disassembled and checked, it was tound that the porous 
film delormed in addition to tlie separator. 

[02 1 5] In batterv 89, CMC (a decomposition temperature 
ol 24-^ C ; w Is prob ibK burned out due to the Joule heal 
ol the short circuit, causing the damages to the adhesiveness 
of the porous film. .Also, in the balterv BIO. the deformation 
ol the porous was caused probably due to Ihe melting of 
PVDF (a crystal!intrnichihgl^irormn:r.TA.dditionally. 
in both cases, a strong short circuit portion was loaned by 
the penetration of the nail and the heat generation probably 
was nol suppressed. 

I0216J Iherefore. il is necessar,' lo use. for ihe porous 
film, a first binder which is noi easily burned out or melted 
itscIl more concrtlcK it k isl one kind of binder h ivin^ a 
boundiiry temperature such as a crvstalline melting point and 
a decomposition temperature ol 2lO" C:. or more, bmm the 
above evaluation results, it Cim be understood that a rubber 
including an acrvlonitrile unit wliich is amorphous and has 
a high heat resistance (a heat decomposition temperature ol 
320" C.) can be used prelerablv. 

[0217] The robber including an acrylonitnle unit has rub- 
ber elasticity. Hiis property functions very advantageously 
in the wound-tvpe electrode plate group formation. I'or 
example, in the batterv .A4 in which the binder liad the 
rubber elasticity, the porous film alter the winding kept its 
lorm sufficiently, and there was no delect. On the other hand- 
in the battery B9 and BIO. the flexibility evaluation of the 
porous film showed poor results. 

[0218] Also, m the batterv Bs) the deftxts in appearance 
due to the deformation of the negative electrode were shown 
alter the formation of the porous film. .As is mentioned 
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above, this is probably the results of the swelling of the 
thickener in the negative electrode by water included in the 
porous lilm before drying. In order to avoid such low yields, 
a water-insoluble tirst binder should be used for the porous 
film, and water should not be used as a dispersion medium 
of the raw material paste for porous film. More generally, a 
dispersion medium diflerent from the dispersion medium 
used in the raw material paste for negative electrode material 
mixture layer (negative electrode paste) should be used to 
form the porous film. 

[021 9] In the battery A 1 8 in which tilania was used instead 
of alumina as the filler, it was conlirmed that tilania achieved 
various functions almost same as alumina. On tlie other 
hand, in the battery Bl 1 which used polyethylene beads (PE 
beads), the level of the nail penetration salely was almost the 
same level with the battery U 1 vv ithoul the porou.s film. From 
the above, it can be seen that the porous film cannot fully 
achieve the functions to improve the safety when the filler 
having just the same level of heat resistance with the sheet 
separator was used. Therefore, it is desirable that for the 
filler, inorganic oxide is selected. 

[0220] I'lie structure of the negative electrode is explained 

[0221] As shown by the battery D7, when PVDF was used 
in the negative electrode, the second binder content in the 
negative electrode was inevitably increased, thereby 
decreasing lithium ion acceptability of the negative elec- 
trode to cause a gradual decrea.se in tlie charge capacity, 
.Additionally, based on the property of PVDF, the negative 
electaide plate was hardened, becoming unable to make the 
most of Ihe flexibility of the porous film. Therefore, it is 
desirable that a binder, like SBR which has rubber elasticity 
and which can give sufficient adhesiveness to the negative 
electrode material mixture layer by a small amount is used 
in combination with a water-soluble binder (CMC or the 
hke). 

EXAMPLE 3 

Battery ("1 

(a) Preparation of Raw Matenal Paste of Porous Film 
[0222] A raw nialenal paste lor porous film was prepared 
by mixing 970 g of -\KP.'iO (u-alumina with a median 
diameter ol 0.1 to 0.,^ nm) as a filler manulacUired by 
Sumitomo Chemical Co. Ltd., .^75 g of nM-72011 manu- 
factured by ZtON Corporation (NMP solution containing 8 
wt % of the first rubber including a polyacrylonitrile chain 
as a first binder), and an appropriate amount of NMP in the 
double-ami kneader. 

[0223] Properties of BM-720FI arc shown in the follow- 
ing. 

[0224] <1> Crystalline Mching Point: None (amorphous) 

[0225] <2> Decomposition lemperature: 320" C. 

[0226] <3> Affinity with Water: Waler-lnsoluble 

[0227] ITie properties of AKP50 are shown in the follow- 
ing. 

[0228] <1> Surface .Alkalinity: pH=9 

[0229] <2> BET Specific Surface Area: about 10 m% 

[0230] <3> Heat Resistance: 250° C. or more 



[0231] .As shown in the above, since alkalinity of .-VKJ'SO 
was pi 1=9, it was continued that .A.KP50 had an alkaline site 

[0232] Also, it is known that AKPSO is (x-alumina, and its 
heat resistance is known as 250" C, or more. 

(b) Fabrication of Positive Electrode 

[0233] A positive electrode material mixture paste was 
prepares:! by mixing 3 kg ol lithium cobaltale, 1 kg of 
PVl)Frfl320 (NMP solution containing 12 wt % of PVDl ) 
manufactured by Kureha Chemical Industry Co.. l td. ,'is a 
binder, 90 g of acetylene black, mid an appropriate amount 
ofNMP with a double-arm kneader. ITiis paste was applied 
on an aluminum foil with a thickness of 15 \aa, and rolled 
after drying, to form a positive electrode material mixtore 
layers. ,\i this lime, the thickness of an electrode plate 
comprising the aluminum foil and the material mixttire 
layers was set as 1 60 jim. Afterwards, the electrode plate was 
slit to give a width which could be inserted into a can battery 
case of a cylindrical battery (product number 18650), to 
obtain a positive electrode hoop, 

(c) Preparation of Negative Electrode 

[0234] A negative electrode material mixture paste was 
prepiired by mixing 3 kg of artificial graphite, 75 g of 
BM-400H (aqueous dispersion including 40 wt % of styfcne- 
butadiene copolymer as a second binder (second rubber 
particle)) manulaclurcxi b\ /FON ( \>rporation. 30 g of 
CMC as a w Litcr-solublc polymer, and an appropriate amount 
of water with a double-arm kneader I'his paste was applied 
on a copper foil with a thickness ol' 10 um, and rolled after 
drying, to form a negative electrode material mixture layer. 
Al this time, the electrode plate comprising the copper foil 
and the material mixture layers was set as 1 80 |.im. After- 
wards, the electrode plate was cut to give a width which 
could be insencd into the c;ui battery case of the cylindrical 
battery (product number), to obtain a negative electrode 

(d) Formation of Porous Film 

[0235] The raw material paste for porous film was applied 
on both sides of the positive electrode hoop, and then dried, 
to lorm a porous film having a thickness of 5 |.mi per side 
adhered to the positive electrode surface. 

(e) Preparation of Electrolyte 

[0236] The electrolyte was prepared by dissolving l.iPFg 
in a mixed solvent of ethylene carbonate (EC), dimethyl 
ciirbonate (DMC), and methyl ethyl carbonate (MEC) with 
a volume ratio of 2:3:3, to give a concentration of 1 mol/L, 
and fiirther adding 3 wt % of vinylene carbonate (VC) 
thereto, 

(f) Fabrication of Battery 

[0237] 'I'he above positive electrode and the negative 
electaide were cut to give a predetermined length, respec- 
tively, and were wound interposing a sheet separator with a 
thickness of 20 j.uii comprising a microporous film made of 
polyeth>'!ene, and then were inserted into the battery case. 
ITien, 5,5 g of the above electrolyte was weighed and 
injected into the battery case, and the opening of the ease 
was sealed. .'\ cylindrical-shape lithium ion secondary bat- 
tery CI was thus made. 
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Flattery Dl 

[0238] A battery Dl was made in the same manner as the 
battery CI, except that the porous fihn was not formed on 
botli sides of the positive electrode hoop. 
Battery D2 

[0239] The raw material paste for porous film was applied 
on both sides of the separjitor comprising polyethylene- 
made microporous film, and then dried, to form a porous 
film having a thickness of 5 |.i,m per side adJiered to the 
separator surlace. liallery I )2 was made in the same manner 
as the banery D 1 . except thai the separator having the porous 
lilm thus obtained was used. 

Battery C2 

[0240] The raw material paste for porous lilm was applied 
on both sides of the negative electrode lioop, and then dried, 
to form a porous lilm having a thickness ot 0.5 (.im per side 
adliered to the negative electrode siirliicc, Ballery C2 was 
made in the same niamier as the batteiy Dl, except that the 
negative electrode having the porous film thus obtained was 

Battery C?, 

[024 1 ] 1 he raw material paste for porous lilm was applied 
on both sides of the negative electrode hoop, and tlien dried, 
to form a porous film having a tliickness of 1 yim per side 
adhered to the negative electrode surface. Banery C3 was 
made in the same manner as the battery Dl, except that the 
negative electrode having the porous film thus obtained was 

Battery C4 

[0242] The raw material paste for porous film was applied 
on both sides of tlie negative electrode hoop, and then dried, 
to form a porous film having a thickness of 5 |am per side 
adhered to the negative electrode surface. Battery CA was 
made in the same manner as the battery Dl, except that the 
negative el e ctrode having the porou s film thu s obtained was 

Batterv C5 

[024^] 1 he rav\ material paste lor pou iis lilni w is ppli^d 
on both sides ol the negative electrode hoop, and then dned. 
10 lorin a porous film having a thickness ot 1 0 jim per side 
adhered to the negative electrode surlace. Battery (. 5 was 
made m the same msinner as the battery Dl. except that the 
negative electrode having the porous him thus obtained was 
used. 

Battery C6 

[0244] The raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
to form a porous film having a thickness of 15 (tm per side 
adliered to the negative electrode surface. Battery C6 was 
made in the same manner as the battery Dl, except tliat the 
negative electrode liaving the porous film thus obtained was 

Battery C7 

[0245] The raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
to form a porous film having a thickness of 20 ^m per side 
adliered to the negative electrode surface. Battery C7 was 



made in the same manner as the battery Dl , except that the 
negative electrode having the porous film thus obtained was 
used. 

Battery C8 

[0246] 1 he raw material paste lor porous him was applied 
onbith sidvK 1 ih^ UL.iU i tk^tr idt hoop, and then dned 
to lorm a porous him hd\ ing a thickness of 30 imi per side 
adhered to the negative electrode surlace. BaUery C8 was 
made in the same mamier as the battery Dl, except tliat the 
n^ative electrode having the porous film thus obtained was 

Battery C9 

[0247] A battery C9 in which a ihickiiess of the porous 
film adhered to the negative electrode surface was 5 |im per 
side tliereof was made in the same mamier as the battery C4, 
except that the thickness of the sheet separator was set as 8 

Battery CIO 

[0248] A battery CIO in which a thickness of the porous 
lilm adhered to the negative electrode surface was 5 jun per 
side thereof was made in the same manner as the battery C4, 
except that the thickness of the sheet separator was set as 1 0 

Battery CM 

[0249] A battery Cll in which a thickness of the porous 
film adhered to the negative electrode surface was 5 \xm per 
side thereof was made in the same manner as the battery C4, 
except that the thickness of the sheet separator was set as 1 5 

Banery C12 

[0250] ,\ battery ( T 2 m which a thickness of the porous 
lilm adhered to the negative ele ^4rode-sttffa6e-w» 5 ^im ^ por 
side thereof was made in the same manner as the battery (:4, 
except that the diickness of the sheet separator was set as 25 

Battery C13 

[0251] A battery C13 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 \un per 
side thereof was made in the same manner as the battery C4, 
except that the thickness of the sheet separator was set as 30 

Battery C14 

[0252] A balterv' (T4 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 nm per 
side thereof was made in the same manner as the battery C4, 
except that the thickness of the sheet separator was set as 40 

Battery C15 

[0253] A battery CI 5 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 nm per 
side thereof was made in the same maimer as the battery C4, 
except that the filler content relative to the total of the filler 
and the first binder was set as 30 wl %. 
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Batterv- CI 6 

[0254] A battery C16 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 nm per 
side thereof was made in the same manner as the battery C4, 
except tliat the filler content relative to the total of the filler 
and the first binder was set as 50 wt %. 
Battery C17 

[0255] A battery C17 in wliich a thickness of the porous 
fihn adhered to tlie negative electrode surface was 5 jim per 
side thereof was made in the same manner as the battery C4, 
except that the filler content relative to the total of the filler 
and tlie first binder was set as 70 wt %. 

Battery C18 

[0256] A battery C18 in which u thickness of ihe porous 
film adhered to the negative electrode surface was 5 |jm per 
side thereof was made in the same maimer as the battery C4, 
except that the filler content relative to the total of the filler 
and the first binder was set as 90 wt %. 
Battery CI 9 

[0257] A battery CI 9 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 ^un per 
side thereof was made in the same manner as the battery C4, 
excepl thai Ihe filler content relative to the total of the filler 
and the first binder was set as 95 wt %. 
Battery C20 

[0258] A battery C20 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 pm per 
side thereof was made in the same manner as the battery C4, 
except that the filler content relative to the total of the filler 
and the first binder was set as 99 wt %. 

Battery D3 

[0259] A battery D3 in which a thickness of tlic porous 
film adhered to the negative electrode siirhice w ll-. 5 jim per 

side thereof was made in the same maiuiei as ihc baiien, D4,— 

except that a water-soluble CMC \\as useJ instead of 
BM^72()H as the first binder to prepare llie raw nialerial 
paste for porous film. Since CMC was used as the first 
binder, in Batter)' 1)3, as a dispersion metiium of the raw 
material paste, water was used instead of NMf. CMC does 
not have a crystalline melting point, is amorphous, and has 
a decomposition temperature of 245° C. 
Battery D4 

[0260] A battery D4 in which a thickness of the porous 
lilm adhered to the negative electrode surface was 5 |.im per 
side thereof was made in the Siune mamier as the batler>' t)4, 
except that water-insoluble PVDF was used as the first 
binder instead of BM-720H to prepare the raw material paste 
for porous film. A crystalline melting point and a decom- 
position temperature of PVDF are 174° C. and 360° C, 

Baner\' C21 

[0261 J A battery C21 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 |jm per 
side thereof was made in the same manner as the battery C4, 
except that, instead of AKP50 (a-aliimina having a median 
diameter of 0.1 to 0.3 ftm), litama (titanium oxide) having 
the same median diameter was used. 



[0262] For the titania, TA300 (anatase-type) manufactured 
by FUJI TITANIUM INDUSTRY CO., LTD. was used, llie 
BET specific surface area of the titania was 8 m^/g, and tlie 
titania surface had an alkalinity of pH=8. The heat resistance 
of polyethylene beads was below 250° C, the BET specific 
surface area was 10 m-/g, and the pH of beads surface was 
6. 

Battery C22 

[0263] A battery C22 in which a thickness of the porous 
film adliered to the negative electrode surface was 5 jim per 
side thereof was made in the same manner as the battery C4, 
except that a linear type PPS (polyphenylene sulfide, median 
diameter of 0.5 |.im) manufactured by DAINIPPON INK 
AND CHEMICALS, INCORPORATED was used instead 
of AKP50. Tlie PPS surface had an alkalinity of pH-7.4 to 
8, the BET specific surface area was 7.4 m%, and tlie PPS 
had an excellent heat-resistance over 250° C. (melting point 
of 280° C). 

Battery C23 

[0264] A battery C23 in which a thickness of the porous 
fihn adhered to the negative electrode surface was 5 mu per 
side thereof was made in the same manner as the battery C4, 
except that AA2 (alumina Z) manui'aclured by Sumitomo 
Chemical Co., Ltd. was used instead of AKP50. The AA2 
surface had an alkalinity of pH=9, and the BET specific 
surface area of 1.0 m"/g. 

Batter>- C24 

[0265] A battery C24 in which a thickness ol the porous 
film adhered to the negative electrode surface was 5 |.mi per 
side thereof was made in the same manner as the battery C4, 
except that the titania (titania Y) with the surface alkalinity 
of pH=8, and the BE! specific surface area of I.O m^/g was 
used instead of AKP50. 

Battery C25 

[0266J A battery C25 in which a thickness of the porous 
lilm adhered to the negative electrode surface was 5 (un per 
side thereof was made in tlie same manner as the battery C4, 
except that AA2 (alumina Y) manufactured by Sumitomo 
Chemical Co., Ltd. was used instead of AKP5(). The AA2 
surface had an alkalinity of pH"9, and the BET specific 
surface area of 0.9 mVg. 

Battery C26 

[0267] A batterv' C26 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 |.un per 
side thereof was made in the same manner as the battery C4, 
except that titania (titania X) with the surface alkalinity of 
pi 1=8, and the BET specific surface area of 0.9 m^/g was 
used instead of AKP50. 

Battery D5 

[0268] A battery D5 m which a thickness of the porous 
film adhered to the negative electrixle surlace was S jim per 
side thereof was made m the same manner as the battery C 4- 
except tliat crosslinked-type PI'S (polyphenylene sulhde, 
median diameter of 0.5 ^m) was used instead ol AKP50. I he 
BET specific surface area of the crosslinked-tvpe PPS was 
7.4 m^/g, same as the above, and the pH ol the surlace 
thereof was 6. 



us 2006/01941 16 Al 



20 



Aug. 31, 2006 



Battery D6 

[0269] A battery D6 in which a thickness of the porous 
fihn adhered to the negative electrode svirface was 5 ^un per 
side thereof was made in the same manner as the battery C4, 



[0271] The configuration of the porous film is summarized 
and shown in Table 5. Additionally, the thickness of the 
sheet separator and the kinds of the second binder used for 
the negative electrode are summarized and shown in Table 
6. 



Melting l>;compositio 



Neg. Elec. 5 AKPSO 97 

Neg. Elec. 5 AKPSO 97 BM720H None 

Neg. Elec, 5 AKPSO 97 BM720H None 

Neg. Elec. S AKPSO 97 BM720H Now 

Nog. RIec. S AKPSO 97 BM720H None 

Neg. Elec. 5 AKPSO SO BM720H None 

Neg. Elec. 5 AKPSO 70 BM720H None 

Neg. Elec. 5 AKPSO 90 BM720H None 

Neg. Elec. 5 AKPSO 95 BM720H None 

Neg. Elec. S AKPSO 99 BM720H None 

Neg. Elec. 5 AKPSO 30 BM720H None 

Neg. Elec. 5 TA300 97 BM720H None 



None 320 



except that a silica powder was used instead of AKP50. For 
the siHca powder, Sunsphere NP30 manufactured by ASAHI 



used. The BET specific surface at 
s 40 m^/g, and the pH of the surface 



GLASS CO., LTD. v 
of the silica powder w 
of the siUca powder was 6. 

Battery 1)7 

[0270] An alumina (alumina X) with the BK T specilic 
surface area of 10 m-/g, and the surface of pH=6 was used 
instead of.AKFSO. .Addilioiially, in fabricating the negative 
electrode, instead of BM400B as a binder B and CMC as a 
thickener, 8 wt % of I^VDF relative to tlie artificial grapliite 
was used. Herein, for the PVDF, PVDF#1320 used for the 
binder of the positive electrode was used. Other than the 
above, a battery D7 in which the porous film adhered to the 
negative electrode surface has a thickness of 5 iim per side 
thereof was made in the same manner as the battery C4. 



BM400B + CMC 
BM400B + CMC 
BMWIB + CMC 
BM400B + CMC 
BM400B + CMC 

BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
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E^BLK 6-continued 



BM400B + CMC 
BM4U0B + C:MC 
BM400B + CMC 
BM400B + CMC 

BM400B + CMC 
DM400B + CMC 
BM400B + CMC 



No Chan2 



BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
PVDF 



Changed 
No Change 



(Evaluation) 

[0273] For tlie above produced porous film and the com- 
pleted lithium ion secondary ballery, porous film adhesive- 
ness, negative electrode appearance, porous film flexibility, 
ballery designed capacity, charge and discharge character- 
istics of the battery, and the nail penetration safety were 
evaluated in the same manner as L^xample 2. The results are 
shown in Tables 6 to 7. 



TABLE 7 
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(Results Consideration) 

[0274] First, in the battery Dl having no porous film, 
regardless of the nail penetration speed, the heat generation 
iificr 1 second was notable. As opposed to this, in the 
baileries ( ' 1 and C2 in which the porous film was formed on 
tlie positive electrode or tlje negative electrode, tlie heat 
generation after the nail penetration was suppressed greatly. 
When all the batteries were disassembled and checked after 
the nail penetration test, in all batteries, the sheet separator 
was melted in a widespread area. However, with regard to 
the ballenes CI and C2. the porous film kepi its original 
shape. 

[0275] On the other hand, in the battery D2 m which the 
porous film was formed on the sheet separator, it could be 
seen that the heat generation was accelerated when the nail 
penetration speed was slow, When the battery D2 was 
disassembled and checked, it was confirmed that the porous 
illm deformed with the nielluig of ihe separator 
[0276] With regiud to the thickness of the porous lilm, in 
the battery C8 with an excessive thickness of the porous 
lilm, due to the shortened length of the electrode plate which 
formed the electrode plate group, designed capacity was 
decreased, and the capacity under tlie high-rate discharge 
was declined, 

[0277] In the battery C14 with an excessive thickness of 
the sheet separator, due to the shoncned lengtli of the 
electrode plate which formed the electrode plate group, 
designed capacity was greatly decreased, and the capacity 
under the high-rate discharge was declined. 
[0278] Then, in the battery C20 in which the filler content 
relative to the filler and the first binder in total was small 
(binder amount was large), the capacity decline under the 
high-rate discharge could be seen. This is probably because 
the ion conductivity of the porous film declined due to the 
excessive lirst binder and insufficient gaps among the filler 

-[0279] lirtlKTbattery D3 in which CMC was used and in 
the battery in which PVDF was used, as the first binder 
in the porous lilm, the heal generation could not be sup- 
pressed when the nail penetration speed was decreasaJ, 
When these batteries were disassembled and checked, it 
could be confirmed that not only the separator, but the 
porous film deformed as well. 

[0280] Also, although in the batten,' C4 m which the 
binder had rubber elasticity, it was shown that the porous 
lilm after vvmding kept its sliape suEBciently and had no 
defects, in the ballenes 1)3 and 1)4, the results of Ihe 
evaluation tor the porous film flexibility were poor, further, 
m the baner>' L)3, the appearance defects due to the negative 
electrode deformation were seen after the formation of the 
porous film. 1 his is probably the result of the swelling of the 
thickener in the negative electrode by water included in the 
porous film before drying, as mentioned above 

[0281] Also, in the battery C21 in wliich titania was used 
instead of alumina as the filler, it was confirmed that titania 
achieved various functions almost same as alumina. 
[0282] Next, as shown by the battery D7, when PVDf was 
used for the second binder ol' tlic negative electrode, the 
amount of the second binder inevitably increased, to 
decrease hthium ion acceptability of the negative electrode 



and to gradually decrease the charge capacity. .41so, based on 
the properties of PVDF, the negative electrode plate hard- 

[0283] Also, with regard to the speed of the eleclrolyie 
injection at the time of battery fabrication, the battery C 2.'5 
was slower tlian the battery C23, taking 1 .(> umes more 
injecfion time. Also, the battery C26 had a slower speed of 
the electrolyte injection tlian the battery C24. taking 14 
times more injection time. On the other hand, the injection 
speeds m the battery C4 and in the battery C23 were not 
much dilTerent, and the inieclion speeds in^lhe battery C21 

the above, it can be seen that the ease of the electrolyte 
injection clianges greatly depending on the BET specific 
surface area of the filler with 0.9 m^/g as the borderline, 
■fhus, it can be seen that the BH F specific surface area of the 
filler is preferably 0.9 m^/g or more, in terms of productivity 

EX.AMPLE 4 

Batter,' Bl 

(a) Preparation of Raw Material Paste ofPorous film 
[0284] .'\ raw material paste for porous film was prepared 
by nnxing 970 g of an anatase-type titanium oxide powder 
(median diameter 0.09 jim) which was classified by a sieve 
to give the maximiun particle size of 0.1 pm, 375 g of 
BM-720H (NMP solution containing 8 wt % of a rubber 
including an acrylonitrile unit, as a first binder) manufac- 
tured by Zeon Corporation, and an appropriate amount of 
NMP in a double-arm kneader. 

[0285] The properties of the fitanium oxide powder used 

in this Example are sliown below. 

[0286] <1> Surface Alkalinity: pH-8 

[0287] <2> Heat Resistance: 800° C. or more 

[0288] <3> Part i c l e Size : The Maximum Particle Size 0. 1 

(b) Fabrication of Positive Electrode 

[0289] A positive electrode material mixture paste was 
prepared by mixing 3 kg of lithium cobaltate, 1 kg of 
PV1)P#1320 (N-raethyl-2-pyrrolidone (NMP) solution 
meliiding 12 wt % of l'\l)F) manufactured by Kureha 
Chemical Industry Co.. Ltd. as a binder, 90 g of acetylene 
black as a conductive agent, and an appropriate amount of 
NMP, with a double-arm kneader. litis paste was applied on 
an ainiiiimim foil with a thickness of 15 pm, and rolled after 
drying, to liirni a positive electrode material mixture layer. 
.\t this time, the thickness of the electrode plate comprising 
the aluminum foil and the material mixture layers was set as 
160 |im. .Afterwards, the electrode plate was slit to give a 
width which could be inserted into a can battery case of a 
cylindrical battery (product number 18650) to obtain a 
positive electrode hoop. 

(c) Fabrication of Negative Electrode 

[0290] A negative electrode material mixture paste was 
prepared by mixing 3 kg of artificial graphite, 75 g of 
BM-400B (aqueous dispersion including 40 wt % of stylene- 
buladiene copolymer (rubber particles) as a second binder) 
manufactured by ZEON Corporation, 30 g of CMC as a 
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thickener, and an appropriate amount of water with a double- 
arm kneader. This paste was applied on a copper foil with a 
thickness of 10 mm, and rolled after drying, to form a 
negative electrode material mixlure layer. At this time, the 
tliickness of the electrode plale comprising the copper foil 
and the material inixture layers was set as 180 (un. .A.fter- 
wards, the electrode plate was slit to give a width wliich 
could be inserted into the can battery case of the cylindrical 
battery (product number 1 8650), to obtain a negative elec- 
trode hoop. 

(d) Formation of Porous I'ilm 

[0291] The raw material paste for porous film was applied 
on both sides of the positive electrode hoop, and then dried, 
to form a porous fihn having a tliickness of 5 (un per side 
adhered to the positive electrode surface. 

(e) Preparation of Electrolyte 

[0292] An electrolyte was prepared by dissolving LiPF^ in 
a mixed solvent of ethylene carbonate (EC), dimethyl car- 
bonate (DMC), and methyl ethyl carbonate (MEC) with a 
volume ratio of 2:3:3, to give a concentration of 1 mol/L and 
further adding 3 wt % of vinylene carbonate (VC) thereto, 
(i) Fabrication of Battery 

[0293] T'he above positive electrode and ^ihe negative 

polyethylene, and then were ni.sorlcd into the battery case. 
Then, 5.5 g of the above electrolyte was weighed and 
injected into the battery case, and the opening of tlie case 
was sealed. A cylindrical -shape 1 8650 lithium ion secondary 
battery El was thus made. 

Battery Fl 

[0294] A battery Fl was made in tlie same manner as the 
battery El. except that the porous film was not formed on 

bot h sides of the positive electrode hoop. 

Battery F2 

[0295] The raw material paste for porous film w as applied 
on both sides of the sheet separator, and then dried, tu Ibriii 
a porous film wuh a thickness of 5 nm per side adhered to 
the separator surface. A battery F2 was made in the same 
manner as tlie battery Fl, except that the separator having 
the porous film thus obtained was used. 
Battery B2 

[0296] The raw material paste for porous lilm was applied 
on both sides of the negative electrode hoop, and then chied, 
to form a porous fihn witli a thickness of 0.5 ^un per side 
adhered to the negative electrode. A battery E2 was made in 
the same mamier as the battery Fl, except that the negative 
electrode having the porous film thus obtained was used. 
Battery K3 

[0297] The raw material pa.ste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
to form a porous film with a thickness of 1 ^im per side 
adhered to the negative electrode surface. A battery E3 was 
made in the same manner as tlie battery Fl, except that the 
negative electrode having the porous film thus obtained was 



Battery E4 

[0298] The raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
10 form a porous film with a thickness of 5 pm per side 
adhered to the negative electrode surface. A battery E4 was 
made in the same manner as the battery Fl, except that the 
negative electrode having the porous fihn thus obtained was 

Battery E5 

[0299] The raw material paste for porous film was applied 

on both sides of the negative electrode hoop, and then dried, 
to form a porous film with a thickness of 1 0 |.im per side 
adhered to the negative electrode surface. A battery H5 was 
made in the same manner as tlie battery Fl, except that the 
negative electrode having the porous fihn thus obtained was 

Battery Y16 

[()30((] I hc r.-A in.aa-i.il paste lor porous fihn was applied 
on both sk1c> ol the negative electrode hoop, and then dried, 
to Ibrm a porous film with a thickness of 15 (.un per side 
udliered to the negative electrode surlace, A battery E6 was 
niade in the same manner as the battery Fl, except that the 
negative electrode having the porous film thus obtained was 

Ualler>' E7 

[0301] The raw material paste for porous film was applied 
on both sides of the negative electrode hoop, and then dried, 
to form a porous film with a thickness of 20 jjm per side 
adhered to the negative electrode surface. A battery E7 was 
made in the same manner as the battery Fl, except that the 
negative electrode having the porous film thus obtained was 
_use(i . . 

Banery E8 

[0302] ITie raw material paste for porous film was applied 
on botli sides of the negative electrode hoop, and then dried, 
to form a porous film with a thickness of 30 ^m per side 
adliered to the negative electrode surface. A battery E8 was 
made in the same manner as the battery Fl, except that the 
negative electrode having the porous film thus obtained was 

Banery E9 

[0303] A battery E9 in which a thickness of the porous film 
adhered to tlie negativ e electrode surface was 5 \im per side 
thereof was made in the same manner as the battery E4, 
except that the thickness of the sheet separator was set as 8 

Battery ElO 

[0304] A battery ElO in which a thickness of the porous 
film adhered to the negative electrode surface was 5 (im per 
side thereof was made in the same manner as the battcr>' E4, 
except that the thickness of the sheet separator was set as 10 



us 2006/01941 16 Al 



24 



Aug. 31, 2006 



Battery Ell 

[0305] A battery El 1 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 \\m per 
side thereof was made in the same manner as the battery 04, 
except that the thickness of the sheet separator was set as 15 

Battery El 2 

[O.KKi] A baltery 1U2 m which a ihickness ol the porous 
fihn adhered to the negative electrode surface was 5 jmi per 
side thereof was made in tlie same manner as the battery H4, 
except that the thickness of the sheet separator w as set as 25 

Battery 013 

[0307] A battery E13 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 jim per 
side thereof was made in the same manner as the battery E4, 
except that the thickness of the sheet separator was set as 30 

Ballery in4 

[0308] A battery E14 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 jjxn per 
side thereof was made in the same manner as the battery E4, 
except that the thickness of the sheet separator was set as 40 

Battery i;i5 

[0309] A battery El 5 in which a thickness of the porous 
film adliered to the negative electrode surface was 5 per 
side thereof was made in the same manner as the battery E4, 
except that the content of tlie titanium oxide powder relative 
to the total of the titanium oxide powder and the binder was 
set as 30 wt %. 

Hattery H16 

[0310] A baltery El 6 in which a tliickness of the porous 
film adhered to tlie negative electrode surface was 5 (.im per 
side thereof was made in the same manner as tlie battery E4 
except that the content of tlie titanium oxide powder relative 
to the total of the titanium oxide powder and the binder was 
set as 50 wt %. 

Baltery E17 

[0311] A baltery E17 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 nm per 
side thereof was made in the same manner as the battery E4, 
except that the content of the titanium oxide powder relative 
to the total of the fitaniiim oxide powder and the binder was 
set as 70 wt %. 

Battery E18 

[0312] A baltery E18 in which a thickness of the porous 
film adhered to die negative electrode surface was 5 pm per 
side thereof was made in tlie same manner as the battery E4, 
except that the content of tlie titanium oxide powder relative 
to the total of the titanium oxide powder and the binder was 



Battery E19 

[0313] A battery E19 in which a thickness of Uie porous 
film adhered to the negative electrode surface was 5 per 
side thereof was made in the same manner as the baltery E4, 
except that ihc content of the titanium oxide powder relative 
lo ihe loial ofihe titanium oxide powder and the binder was 
set as 95 wt %. 

Battery E20 

[0314] A battery E20 in which a thickness of the porous 
film adhered to the negative electrode surface was 5 \m\ per 
side thereof was made in the same manner as the battery E4, 
except that the content of the titanium oxide powder relative 
to the total of the titanium oxide powder and the binder was 
set as 99 wt %, 

Battery F3 

[0315] Abarteiy F3 in which a thickness ol'the porous film 
adhered to the negative electrode surface was 5 |im per side 
thereof was made in the same mamier as ihe battery 1-4, 
except thai a water-soluble CMC was used uislcad of 
BM-720 as a binder to prepare the raw nialerial paste lor 
porous film. I lercin, for the dispersion medium of the raw 
material paste, water was used instead of NMR 
Battery F4 

[0316] A battery F4 in which a thickness of the porous film 
adhered to the negative electrode surface was 5 jmi per side 
thereof was made in the same manner as the battery E4, 
except tliat a water-insoluble PVDF (crystalline melting 
point 174° C.) was used instead of BM-720 as a binder to 
prepare the raw material paste for porous film. 
Battery F5 

[031 7] A battery F5 in which a thickness of tlie porous film 
adliered to the negative electrode surface was 5 mil pe r side 
thercoi was made m the same manner as the baltery H4, 

except lhal <(-alunniia with a median diameler or().3 ^m was 
iiNcd instead oi Ihe titamum oxide powder with a median 
dianicicr ol 0,09 um. for the a-alumma. AKP50 maiiufac- 
liired bv Sumitomo Chemical Co., Ltd. was used (surface 
alKahnily pll=9, BET specific surface area: about 10 mVg. 
heat resisumce: 250° C. or more). 
Battery 1-6 

[0318] In the fabrication of the negative electrode, instead 
of BM400B as a second binder and CMC as a thickener, 8 
wt % of PVDF relative lo the artificial grapliile was used, 
and for the dispersion medium of the negative electrode 
paste, NMP was used. Herein, for the PVDF, PVDF#1320 
which was used as a binder of the positive electrode was 
used. Except for the above, a battery F6 in which a thickness 
of the porous fihn adhered to the negative electrode surface 
w as 5 ^mi per side thereof was made in the same manner as 
Ihc bailer)' E4. 

[0319] The conliguralion of the porous film is summarized 
and shown in Table 8. The thickness of the sheet separator 
and the kind of the second binder used lor the negative 
electrode were summarized and shown in Table 9. 
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TABLE 8 
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TAB1,B 9-continued 



BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM4U0B + CMC 
BM400B + CMC 
BM400B + CMC 



BM400B + CMC 
BM400B + CMC 
BM400B + CMC 



Changed 
No Change 



(Hvalualicn) 

[0321 J For ihc above produced porous film and the com- 
pleted lithium ion secondary battery, porous film adhesive- 
ness, negative electrode appearance, porous film flexibility, 
battery designed capacity, charge and discharge character- 
istics of battery, and the nail penetration safety were evalu- 
ated in the same manner as Example 2. The results are 
shown in Tables 9 to 10. 
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(Results Consideration) 

[0322] In the battery Fl having no porous lilni. the hoiii 
generation after 1 second was notable, regardless ofDic iwil 
penetration speed. As opposed to this, in iho ballerifs !■ 1 ;in(i 
E2, in which the porous film was formed on the positive 
electrode t)r the negative electrode, the heat generation alter 
ihc iiiiil pciielration was greatly suppressed. When nil the 
b;iiierics aiicr ihe nail penetration test were disassembled 
and checked, in all batteries, the sheet separator melted in a 
widespread area. However, with regard to the batteries El 
and K2, the porous film kept its original shape. 

[0323] On the other hand, in the battery F2, in which the 
porous iilm was Ibrmed on the separator, it could be seen 
that the heat generation was accelerated when the nail 
penetration speed was slow. Wlien the baUcry I '2 was 
disassembled and checked, it was confirmed that the porous 
film also deformed with the above mentioned nieltmg of the 
separator 

[0324] With regard to the thickness of the porous film, m 
the battery E8 having a porous iilm with excessive thickness, 
since the length of the electrode plate forming the electrode 
plate group was shortened, the designed capacity declined 
and the capacity at the higli-rate discharge declined. 

[0325] In the battery E14 having a separator with an 
excessive thickness, since the electrode plate forming the 
electrode plate group shortened, the designed capacity 
greatly declined, and the capacity at the high-rate discharge 
greatly declined. 

[0326] In the battery E 1 5, in which the content of titanium 
oxide powder relative to the total of the titanium oxide 
powder and binder was small (binder amount was large), a 
capacity decline caji be seen al the higji-raie discharge, fins 
is probably because the gaps between titanium oxide par- 
ticles could not bo secured due to the excessive amount of 
binder and caused the decline in ion conductivity of the 
ponius film ,, However, when the content of titanium ox 4de- 
powder is too large, the binder content becomes small, and 
the separation and chips of the porous film will probably be 

[0327] In the batterv F3 in which CMC was used and in 
the ballcrv F4 in which PVDE was used as the binder in the 
porous film, the heat generation could not be suppressed 
when the nail penetration speed was slowed. When these 
billcrics Hui disis,uiiMcd iiid Uic-cUd il wis contiruitd 

[0328] In tlx battcr\ 1 3 duka^L tppciriiUL due to ih^ 
dtformation ol the ncgatn t c kctrodi. could bt seen liter the 

probably the results of the swelling ot the thickener m the 
negative electrode due to the water included m the porous 
iihn before drying. 

[0329] Additionally, in the batler,' l-.S lu which (i-alumina 
was used instead of titanium oxide powder it was confirmed 
that titaraum oxide acliieved various functions almost same 

performuii-es varied as the porous lilm became ihiniiLr 
ITierefore, when the porous Iilm is to be tormed thin, 
titanium oxide is preferably used, instead of a-alumma 



[0330] 1 he reu-,( .n that battery perfonnances \ aried as the 
porous film using a-alumina became tliinner was probably 
thai in u-alumiiia. ihc gaps having a pore size of 0.1 \.aa (100 
iinij or less caiiiioi be toniied uniformly. 'ITiis implies that a 
certain degree of thickness is necessary in the case of the 
porous iilm using a-alumina. 

[0331] .Ais shown by the battery F6, when PVDF was used 
as the second binder in the negative elecU-ode, safety could 
be secured. However, the second binder contenl became 
inevitably large, and lithium ion acceptability of the negative 
electrode declined and the charge capacity gradually 
declined. 

EXAMPLE 5 

I3aiiery Gl 

(a) Preparation of Raw Material Paste of Porous Film 

[0332] A raw material paste for porous film with a vis- 
cosity of 48 ps at 20 rpm measured by B-type viscometer 
(inea.surenienl temperature 25" C.) was prepared by mixing 
910 g of alumina wilh a median diameter of 0.3 j.im, 375 g 
of BM-720M (NMP solution containing 8 wt % of a rubber 
including a polyacrylonitrile cliain as a first binder) manu- 
factured by ZEON Corporation, and an appropriate amount 
of NMP in a double-arm kneader. 

(b) Fabrication of Positive Electrode 

[0333] A poshivc electrode material mixture paste was 
prepared by mixing 3 kg of litliium cobaltate, 1 kg of 
PVDF// 1320 (NMP solution containing 12 wt % of PVDF) 
inanufacnired by Kureha Chemical industry Co., Ltd. as a 
binder, 90 g of acetylene black, and an appropriate amount 
of NMP, with a double-ann kneader This paste was applied 
on an aluminum toil with a thickness of 15 pm, and rolled 
after drying, to form a positive electrode material mixture 
layer At this time, the thickness of an electrode plate 
com prising the aluminum foil and the material mixture 
layers was set as 1 60 jtm. Afterwards, the electrode plate was 
sht to give a width which could be inserted into a can battery 
case of a cylindrical battery (product number 18650) to 
obtain a positive electrode hoop. 

(c) Fabrication of Negative Electrode 



[0334] A negative do 






prcparixi bv mixino 2 kg of artificial Rraphilc. 1 kg i 


)f \ ipor 


aruwth carbon fiber 


LiCF). 75 a of BM-400B I 




dispersion including 40 


wl 1 ol stNltiic butaditot 




mci- (SL-coiid rubber pari 


,iele) as a .second binder) n 


uimiiac 


mred bv ZfON Corpo 


ration. 30 g of CMC as i 


1 water- 


soluble polymer, and an 


appropnate amount of watc 





double-arm kneader. fhis paste was applied on a copper loil 
with a thickness of 10 jim, and rolled alter drying, to fonii 
a negative electrode matenal mixture layer. At this time, the 
electrode plate comprising the copper foil and the matenal 
imxture layers was set as 180 |im. Afterwards, the electrode 
plate was slit to give a width winch could be inserted into the 
can battery case of the cylindncal battery (product number 
18650), to obtain a negative electrcxie hoop. 

(Ill 1 Dniiaiion ot Porous Fibn 

[0335] ITie raw matenal paste for porous film was applied 
on both sides ol the negative electrode hoop to give a 
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thickness of 5 |.im per side adliered lo llie negative electrode 
surface to form a porous film with varied surface rouglmess. 

[0336] l-'or the non-aqueous electrolyte, a solvent mixture 
in which ethylene carbonate, ethyl methyl carbonate, and 
dimethyl carbonate were mixed with a volume ratio of 1 : 1 : 1 , 
dissolving lithium hexafluorophosphate (LiPF,;) to give a 
concentration of 1 mol/liter was used. Also, 3% by volume 
of viiiylene carbonate relative to the solvent mixture was 
added \o the non-aqueous electrolyte. 

(f) Fabrication of Battery 

[0337] Tlie above positive electrode and negative elec- 
trode were cut to give a predetermined length, respectively, 
and were wound interposing a sheet separator with a thick- 
ness of 20 ^m comprising a microporous film made 
polyethylene, and then were inserted into the banery case. 
Then, 5.5 g of the above electrolyte was weighed, and 
injected into the battery case, and tlic opening of the case 
was sealed. A cylindrical-shape lithium ion secondary bat- 
tery Gl was tlius made. 

Battery G2 

[0338] A battery G2 was made in the same manner as the 
battery Cll. except that the viscosity of the raw materia! 
paste for porous film was controlled to be 92 cp. 

Battery (13 

[0339] A batter)' c;3 was made in the same manner as the 
battery 01, except that the vi.scosity of the raw material 
paste for porous film was controlled to be 150 cp. 

Banery G4 

[0340] A battery G4 was made in the same manner as the 
battery Gl, except that the viscosity of the raw material 
paste for porous film was controlled to be 182 cp. 

Battery as 

[0341] A battery G5 was made in the same manner as the 
battery Gl, except that the viscosity of the raw material 
paste for porous film was controlled to be 253 cp. Battery H 1 

[0342] A battery HI was made in the same manner as the 
battery Gl, except tliat the porous film was not formed on 
both sides of the negative eleclrt)de hoop. 

Battery H2 

[0343] A battery 112 was made in the same manner as the 

battery Gl, except that the viscosity of the raw material 

paste for porous film was controlled to be 17 cp. 

Battery H3 

[0344] A battery H3 was made in the same manner as the 
batterv Ol. except that the viscosity of tlie raw material 
paste lor porous film was controlled to be 443 cp. 

Batterv G6 

1 0345] A battery Gh was made in the same manner as the 
battery G3. except that the same raw material paste used in 
the battery C)3 was used to form the porous film with a 
thickness ol 0.3 pm on both sides of the negative electrode. 



Banco- ^'^ 

[0346] A battery G7 was made in the same mamier as the 
battery G3, except that the same raw material paste used in 
the battery G3 was used to form the porous film with a 
thickness of 0.5 \un on both sides of the negative electrode. 
Battei>' G8 

[0347] A battery G8 was made in the same manner as the 
battery G3, except that the same raw material paste used in 
the battery G3 was used to form the porous film witli a 
thickness of 1 \im on both sides of the negative electrode. 
Battery G9 

[0348] A battery G9 was made in the same manner as the 
batterj' c;3, except that the same raw material paste used in 
ihe battery ((3 was used to tonn the porous lilm with a 
thickness ol' 10 |.im on both sides of ihc negative electrode. 
Battery GIO 

[0349] A battery GIO was made in the same manner as the 
battery G3, except tliat the siime raw material paste used in 
the battery G3 was used to form the porous film witli a 
thickness of 15 ^m on both sides of the negative electrode. 
Battery GU 

[0350] A battery G 1 1 was made in the same manner as the 
batter)' G3, except thai the same raw material paste used in 
the biiuery (i3 was used lo form the porous film witli a 
thickness ol' 20 (un on both sides of the negative electrode. 

Balterv' (,12 

[0351] A balter\ C. 12 was made in the same miumer as the 
battery G3, except that the stmie raw material paste used in 
the battery G3 was used to form the porous film with a 
thickness of 30 \im on both sides of the negative electrode. 
Battery G13 

[0352] A battery G 1 3 was made in the same manner as the 
battery G3, except that the thickness of the sheet separator 
was set as 6 |xm. 
Battery G14 

[0353] A battery G14 was made in the same manner as the 
battery Cj3, except thai the thickness of the sheet separator 
was set as 8 ^un. 
Battery G15 

[0354] A banery G 1 5 was made in the same manner as the 
battery G3, except tliat the thickness of the sheet separator 
was set as 10 ^lm. 
Battery G16 

[0355] A battery Gl 6 was made in the same manner as the 
battery G3, except that the thickness of the sheet separator 

Battery G17 

[0356] A battery G 1 7 was made in the same manner as the 
battery G3, except that the thickness of the sheet separator 
was set as 25 tim. 
Battery G18 

[0357] A battery G 1 8 was made in the same manner as the 
battery (}3, except that the thickness of the sheet separator 
was set as 30 (tm. 
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[0358] A balter>' G19 was made in the same manner as ihe 
batten.' G3, except that the thickness of the sheet separator 

was set as 40 ^m. 

Battery G20 

[0359] A battery G20 was made in the same manner as the 
battery G3, except that the filler content relative to the total 
of the filler and the first binder was set as 30 wt %, and a raw 
material paste with a viscosity of 150 ps at 20 ipm was 
prepared and used. 

Battery G2] 

[0360] A batten,- G21 was made in the same manner as the 
batten' G3, except that the filler corneal relative to the total 



(i22 



[0361] 



. batter>' (j22 was made in the same manner as the 
, except that the filler content relative to the total 
of the liUer and the first binder was set as 70 wt %, and a raw 
material paste with a viscosity of 150 ps at 20 rpm was 
prepared and used. 
Battery G23 

[0362] A battery G23 was made in the same manner as tlie 
battery G3, except that the filler content relative to the total 
of the filler and the first binder was set as 90 wt %, and a raw 
material paste with a viscosity of 150 ps at 20 rpm was 
prepared and used. 

Battery G24 

[0363] A battery G24 was made in the same manner as the 
battery 03, except that the filler content relative to the total 
of the filler and the first binder was set as 95 wt %, and a raw 
material paste witli a viscosity of 150 ps at 20 rpm was 

prepared and used. 



of the filler and the first binder was set as 99,5 wt %, and a 
raw material paste with a viscosity of 150 ps at 20 rpm was 
prepared and used. 

Battery G26 

[0366] A battery G26 was made in the same manner as the 
battery G3, except that water-soluble CMC was used instead 
of BM-720H as a binder, and a raw material paste for porous 
film with a viscosity of 1 50 ps at 20 rpm was prepared and 
used. Herein, as a dispersion medium for tlie raw material 
paste, water was used instead of NMP. 
Battery G27 

[0367] A battery G27 was made in the same manner as the 
battery (;3, except that waler-insoluble PVDF (crystalline 
melting point oi' 174" C.) was used instead of BM-72011 as 
a binder, and the raw material paste for porous film with a 
viscosity of 150 ps al 20 rpm was prepared and used. 
Battery H5 

[0368] A battery 115 was made in the same maimer as the 
battery G3, except tliat polyethylene beads with a median 
diameter of 0.3 |.im was used instead of the alumina witli a 
median diameter of 0.3 urn as the filler, and a raw material 
paste for porous film with a viscosity of 150 ps at 20 rpm 
was prepared and used. 

Battery G28 

[0369] A battery Cj28 was made in the same manner as the 
battery except thai tilania with a median diameter of 0.3 
|jm was used instead of the alumina w ith a median diameter 
of 0.3 (.mi as the filler, and a raw material paste for porous 
film with a viscosity of 150 ps at 20 rpm was prepared and 



[0370] In the fabrication of the negative electrode, instead 
of BM400B and CMC as a s econd hinde r, 8 wt % o f PVDF 



Battery G25 

[0364] A battery G25 was made in the same manner as the 
battery G3, except that the filler content relative to the total 
of the filler and the first binder was set as 99 wt %, and a raw 
material paste with a viscosity of 150 ps at 20 rpm was 
prepared and used. 

Battery H4 

[0365] A battery H4 was made in the same manner as the 
battery (}3, except that llie filler content relative to the total 



relative to the negative electrode active material w 
Herein, for PVDF, PVDF#1320 used for the binder of the 
positive electrode was used. Other than the above, a battery 
G29 was made in the same maimer as the battery G3. 

(Evaluation) 

[0371] ■|'heconHgiiralioii oflhe porous film is summarized 
and shown in Table 11. .Additionally, the thickness of the 
sheet separator and the kinds of the second binder used for 
the negative electrode are surnmarized and shown in Table 
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TABLE 12-continued 



Porous Film 



Electrode 



BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM4O0B + CMC 
BM400B + CMC 



BM400B + CMC 
BM400B + CMC 

PVDF 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 
BM400B + CMC 



(Evaluation) 
[Surface Rougliness] 

[0373] TTie surface roughness of the negative electrode 
surface before applying the porous film and the surface 
roughness ol' the porous lilni Ibrnied thereon after drying are 
measured respectively by a non-contact type surface rough- 
ness measuring instrument, to obtain an average rougluiess 
Ra. 'Hie resuhs are shown in Table 12. 



[0374] Also, for the above produced porous film and the 
completed lithium ion secondiiry battery, porous film adhe- 
siveness, negative electrode appearance, porous film flex- 
ibility, battery designed capacity, charge and discharge char- 
acteristics of the battery, and the nail penetration safety were 
evaluated in the same manner as Example 2, The results are 
shown in Tables 12 to 13. 



Nail Penelration Safely 
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I'ABl ,K 1 3-continued 



Nail Speed 180 rr 
Temperature 



Designed 400 mAh 4000 mAh 

Battery Capacity Cliarge Discharge DischaiBe After 1 i 
No^ (mAh) (mAh) (mAh) (mAh) (" C. 



(Results Consideration) 

[0375] In the batteiy H 1 having no porous fih:i, the heal 
generation alter 1 second was notable, regardless ot the nail 
penetration speed. As opposed lo this, in the battery ti3 in 
which the porous film was formed on the negative electrode, 
the heat generation after the nail penetration was greatly 
suppressed. Wlien all the batteries after the nail penetration 
test were disassembled and checked, the sheet separator 
melted in a widespread area in all the battenes. However 
witli regard to the battery G3, the porous film kept its 
original shape. 

[0376] With regard to the thickness of llic norous lilni- in 
die battery G12havmg an exccssivclviliick nnmns lihn due 
to the shortened leiiglli ul The eiecirodo piatc toimnw Iho" 
electrode plate group, designed capacity decreased and Ihc 
capacity at the high-rate discharge declined. 
[0377] In the batteiy Cil9 in wliich the thickness ol llic 
separator was excessively large, due to the shortened length 
ol the electrode plate tormmg the electrode plate group the 
dcbi^ned c ip icitv dtcn. ibcd grc nh ind the c ip Kit> u the 
high-rate discharge dechned. 

[0378] 1 hen, in the bailer,- G20 in which the filler content 
relative lo the total ol the hller and the hrsl binder was small 
(binder amount was large), the decline m the capacity at the 
high-rale discharge could be seen. This is probably because 
the gaps between the hller particles could not be obtained 
suiiciently due to the excessive first binder, to cause the 
decline m ion conductivity oi the porous hhn. .4s oppose to 
this, m the battery H4 in which the amount ofthe binder was 
too small, separations and chips ol the norous hljTi (iccurrcfl 
frequently, due to the msuflcienl bindme i-itects 
[0379] lnlhebdlterv(i26inw!iid ( \ ( i 
batlcrv 021 in which PVDF was used as a first binder in the 
poious lilm the hell gcncrition could not be suppressed 
when the mil peneti UK)n speed w is ^lowed Wien these 
bittenes wcie dis isserabled ind checked it w is conlirmed 
thai ihe porous film also delormed. in addition to the 
separator. 



[0380] .Although in the battery G3 in which the binder had 
nibber elasticity, the porous film after winding kept its shape 
sufBciently and showed no dcfc-cts, in the batteries G26 and 
G27, evaluation of flexibility for the porous film showed 
poor resuhs. Further, in the battery G26, defective appear- 
ances due to the deformation ofthe negative electrode were 
seen after the formation of the porous film, 
[0381] Also, in the battery G28 in which titania was used 
instead ol alumina as a filler, il was eonfinned that titania 
achieved vanous functions same as alumina. On the otlier 
hand, in the battery H5 in which polyethylene beads (PF 
beads) were used, with regard to the nail penetration safety. 
It was the same level as the battery Hi having no porous 
film. ~~ " 

[0382] 1 hen, in the ballery G29 in which PVDF was used 
as Ihc second binder, the binder content m the negative 
electrode became inevitably large, to cause a decrease in 
lithium ion acceptabilirv of the negative electrode, and a 
gradual ilecrease in ihe chaining capacity. Additionally, 
based on llie properties ol PVDF, the negative electrode 
plate hardened, thereby failing to make full use ol the 
flexibility ot the porous hhn. 

[0383] Surface rougliness oi the porous him is discussed 
next. 

[0384] Since all tlie negative electrodes used in this 
F.xample included a ureal amount of V(i<:F aiming an 
improvement of condnclivitY, surface roughness of the nega- 
tive efeclrode was large. Separation of matenal mixture 
occurs easil\ m such negative electrode, due to frictions at 
th- ' me e t unieiin^ llowe\cr m the e ise of the bitten, m 
\ I lel he 1 iw m lien il p isle for porous liliii is controlled to 
have- an appropriate range of viscosity, a smooth porous film 
IS disposed on the neg line electrt-ide flius the deereise m 
Yields due to the separation of the matenal mixture is 
suppressed In tlie b ittcries Gl to G2h urf lee roughness of 
the porous him was regulated lo become smaller than the 
surface rougliness of the electrode plate. 
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[0385] On the other hand, in the battery H2 in which the 
viscosity of the raw material paste lor porous film to be 
applied on the negative electrode was too small, the sepa- 
ration of the material mixture could not be avoided. This is 
because the asperities of the negative electrode surface were 
not smoothed by the porous film due to the raw material 
paste with a large fluidity. .Additionally, in the battery IB in 
which the viscosity of the raw material paste was exces- 
sively large, the surface rouglmess of the porous film 
increased. This is because the raw material paste was caught 
in the asperities of the negative electrode surface due to the 
poor fluidity of the raw material paste. Thus, the separation 
of the material mixture could not be avoided. 
[0386] In the battery I f? in which the separation of the 
iiuitcnal mixiure did not occur, the acceleration of heat 
geiicraUDii could he seen in Ihe nail penetration lest as well, 
riiis is bocause uneven application occurred together with 
the iucrcasc lu Ihe surface rouglmess of the porous film. 
Since Ihe uneven application involves a partial void in the 
poruus iilni, the functions of the porous film to improve the 
safely is probably decreased. 

[0387] Upon comparing the G6 and G7, it can be said that 
the average roughness Ra of below 2.1 pm is desirable for 

the surface roughness of the porous film. 

[OTiSH] Hcrem. allkuigh the surface roughness of the 

material paste, the optinwl viscosity range easily changes 
depending upon the change in the composition of the porous 
film. Therefore, the viscosity range is not tu be limited by 
this embodiment. 

INDUSTRIAL .APPl.lCAB II, I I Y 
[0389] A lithium ion secondary battery of the present 
invention comprises a negative electrode having a high 
lithium ion acceptability, has a higher safety level, and can 
achieve a higher yield. Thus, the present invention is useful 
in the field which requires a higher safety and high-rate 

for portable electric devices and the like. 

1 . A lithium ion secondary battery comprising; 

a positive electrcxle capable of absorbing and desorbing 

lithium ion; 

a negative electrode capable ol' absorbing and desorbing 



a porous film interposed between said positive elei 

and said negative electrode; and 
a non-aqueous electrolyte; 

wherein said porous film is adliered to a surface of a 



said negative electrode, 
said porous film comprises an inorganic filler and a iirst 
binder, a content of said first binder in said porous film 
being 1.5 to 8 parts by weight per 100 parts by weiglit 
of said filler, 

said first binder comprises a first rubber including an 
acrylonitrile unit, said first rubber being water-in- 
soluble and having a decomposition temperature of 
250° C. or higher, 



said negative electrode comprises a negative electrode 
active material capable of absorbing and desorbing 
hthium ion and a second binder, and 

said second binder includes a second rubber particle and 
a water-soluble polymer. 

2. The lithium ion secondary battery in accordance with 
claim 1, wherein said first rubber has a crystalline melting 
point of 250° C. or more. 

3. The lithium ion secondary battery in accordance with 
claim 1, wherein said first rubber includes a polyacryloni- 

4. I'he lithium ion secondary battery in accordance with 
claim 1, wherein said first rubber aimprises core-shell type 
particles and tos an adhesive surface portion. 

5. The lithium ion secondary battery in accordance witli 
claim 1. wherein said water-soluble polymer includes a 
mcthylcellulose unit. 

6. Hie lithium ion secondary battery in accordance with 
claim 1, wherein said second rubber particle includes a 
styrene umt and a butadiene unit. 

7. The lithium ion secondary battery in accordance with 
claim 1, wherein a content of said second binder in said 
negative electrode is 1 .5 to 3 parts by weight per 100 parts 
by weight of said negative electrode active material. 

8. The lithium ion secondary battery in accordance with 
claim 1 . wherein said inorganic filler comprises an inorganic 

9. J'he lilliinm ion secondary battery in accordance with 
claim 8, wherein a surface of said inorganic oxide is alkaline 
and has a BM I specific surface area of 0.9 m^'g or more. 

10. The lithium ion secondary batten' in accordance with 
claim 1. wherein said inorganic oxide includes at least one 
selected from the group consisting of alumina and titanium 

11. I he lithium ion secondary batlerv' in accordance witli 
claim 1, wherein a surface roughness of said porous film is 
less than a surface roughness of an electrode surlace to 
which said porous film is adliered to. 

12. The lithium ion secondary battery in accordance with 
claim 1 , wherein said inorganic filler comprises a mixture of 
a large particle group and a small particle group, and an 
average particle size A of said large particle group and an 
average particle size 13 of said small particle group satisfy 
the formula (1): 



13. The lithium ion secondary battery in accordance with 
claim 1, wherein said positive electrode and said negative 
electrode are wound with said porous film interposed ther- 

14. The lithium ion secondary battery in accordance with 
claim 1 , wherein a thickness ofsaid porous film is 0.5 |im or 
more and 20 ,iun or less. 

15. Tlie lithium ion secondary battery in accordance with 
claim 1, wlierein a separator is further interposed between 
said positive electrode and said negative electrode. 

16. The lithium ion secondary battery in accordance with 
claim 15, wherein a thickness of said separator is 8 |im or 
more and 30 laa or less. 
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Polyacrylonitrile 

From Wikipedia, the free encyclopedia 

Polyacryionitrile (PAN) is a resinous, fibrous, or rubbery 
organic polymer. Almost all polyacrylonitrile resins are 
copolymers made from mixtures of monomers with acrylonitrile 
as the main component. PAN fibers are the chemical precursor of 
high-quality carbon fiber. It is chemically modified to make the 
carbon fibers found in plenty of both high-tech and common 
daily applications such as civil and military aircraft primary and 
secondary structures, missiles, solid propellant rocket motors, 
pressure vessels, fishing rods, tennis rackets, badminton rackets 
& high-tech bicycles. It is a component repeat unit in several 
important copolymers, such as styrene-acrylonitrile (SAN) and 
acrylonitrile butadiene styrene (ABS) plastic. 

Applications 

Homopolymers of polyacrylonitrile have been used as fibers in hot gas filtration systems, outdoor 
awnings, sails for yachts, and even fiber reinforced concrete. Copolymers containing polyacrylonitrile 
are often used as fibers to make knitted clothing, like socks and sweaters, as well as outdoor products 
like tents and similar items. If the label of a piece of clothing says "acrylic", then it is made out of some 
copolymer of polyacrylonitrile. It was made into spun fiber at DuPont in 1941 and marketed under the 
name of Orion. Acrylonitrile is commonly employed as a comonomer with styrene (e.g. SAN, ABS, 
and ASA (acrylonitrile styrene acrylate) plastics). 

External links 

■ Polyacrylonitrile at Polymer Science Learning Center 
Retrieved from "http://en.wikipedia.org/wiki/Polyacrylonitrilc" 

"Categories: Polyacrylates | Copolymers T^ylitTiefic resins i Synthetic fibers | Thermoplastics | Polymer 
stubs 
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Polyacrylic acid 

From Wikipedia, the free encyclopedia 

Poly(acrylic acid) or PAA or Carbomer is a type of 
anionic polymer. The monomer of poly(acrylic acid) 
is acrylic acid. In a water solution at neutral pH, 
many of the side chains of PAA will lose their 
protons and acquire a negative charge. This makes 
PAA a polyelectrolyte. 

Dry PAA is a white solid. It is capable of adsorbing 
many times its weight in water, and hence is used in 
disposable diapers^'l 

It also is used as a thickening agent. It inactivates 
Chlorhexidine gluconate. 

See also 

■ Sodixim polyacrylate 

■ Carbomer 

References 

1. http://pslc.ws/macrog/acrylate.htm 
Retrieved from 

"http://en.wikipedia.org/wiki/Polyacrylic_acid" 
Categories: Polymers | Poly aery lates | Polymer stubs 
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Poly(acryIic acid) 

H H 



n 



Molecular formula 
Molar mass 



:EU classification 



R-phrases 



Identifiers 

!9003-01-4 
Properties 

i(C3H402)„ 
variable 
Hazards 

Xi 



M6..R.37.R,38 
(what is this?) (verify) 
Except where noted otherwise, data are given for 
materials in their standard state (at 25 °C, 100 kPa) 
Infobox references 
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Acrylate polymer 

From Wikipedia, the free encyclopedia 
(Redirected from Polyacrylate) 

An acrylate polymer belongs to a group of polymers which could be referred to generally as plastics. 
They are noted for their transparency and resistance to breakage and elasticity. Also commonly known 
as acrylics or polyacrylates. 

Typical acrylate monomers used to form acrylate polymers are: acrylic acid, methyl methacrylate and 
acrylonitrile. 

Contents 

■ 1 Monomers 

■ 2 Acrylic elastomers 

■ 3 Other acrylic polymers 

■ 4 References 

■ 5 See also 

Monomers 

Other examples of acrylate monomers are: 

■ Methacrylates 

■ methyl acrylate 

■ ethyl acrylate 

■ 2-chloroethyl vinyl ether 

■ 2-ethylhexyl acrylate, 

■ hydroxyethyl methacrylate 

■ butyl acrylate 

■— butyf ^ e thac rylate - 

> TMPTA. 

Acrylic elastomers 

Acrylic elastomer is a general term for a type of synthetic rubber whose main component is acrylic acid 
alkylester (ethyl or butyl ester). f'^ Acrylic elastomer has characteristics of heat and oil resistance. 

It is divided into old type and new type: Old types include ACM (copolymer of acrylic acid ester and 2- 
chloroethyl vinyl ether) containing chlorine and ANM (copolymer of acrylic acid ester and acrylonitrile) 
without chloride. Other than the slightly better water resistance of ANM, there are no physical 
differences; even processability is poor for both types. Since prices are also high, demand is not so high 
vis-a-vis the characteristics. On the other hand, the new type of acrylic rubber does not contain any 
chlorine despite its unclear chemical composition. Processability has been improved, and most of 
tackiness to rolls as well as staining problems related to molds have been solved. 

Major characteristics of acrylic rubber include heat resistance and oil resistance; it can endure a 
temperature of 170 ~ 180°C under dry heat or in oil. Since it does not have a double bond, acrylic rubber 
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also boasts of good weatherability and ozone resistance. 

Its cold resistance is not that good, however. The saturation point is -15°C for the old type and -28 ~ - 
30°C for the new type. In terms of vulcanization, the standard method for the old type is amine 
vulcanization. To minimize permanent deformation, the old type requires curing for 24 hours under a 
temperature of 150°C . On the other hand, for the new type, the press curing time and follow-up 
vulcanization time are significantly reduced by combining metal soap and sulfur. It has no special 
characteristics. The rebound resilience and abrasion resistance of the new type are poor, and even its 
electrical characteristics are considerably poor compared wdth acrylonitrile-butadiene rubber and butyl 
rubber. 

The materials are used mainly for oil seals and packagings related to automobiles. 

Other acrylic polymers 

■ Polymethyl methacrylate, an acrylate polymer familiar to consumers is the clear break resistant 
glass or sheeting sold in hardware stores as acrylic glass or under the trade name Plexiglas. 

■ Polyacr\'late emulsion, water-bom coating, are used as binder for outdoor and indoor "latex" 
house paints 

■ Acrylic paints as artist paints 

■ Acrylic fibre 

■ Sodium polyacrylate water soluble thickeners, a polymer for the production of the Superabsorbent 
polymer (SAP) used in disposable diapers due to its high absorbency per unit mass 

■ Acrylic resin as pressure-sensitive adhesive 

■ "Super glue" is a formulation of cyanoacrylate. 

■ PVAc copolymer emulsion adhesive of vinyl acetate (VAM) and acrylic acid (VAA) 

■ Polyacrylamide copolymer used as floculation agent in water treatment 

References 

1 . ^ http://www.patentstorm.us/patents/60 1 5860/claims.htnil 



See also 

■ (Meth)acrylates 

■ Acrylic (disambiguation) 
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Polyacrylates 



Keywords 
gel 



Acrylates are a family of polymers, which are a type of vinyl pol> mer. 
["Crij C-XlT^ Acrylates are of course made from acrylate monomers, and it's about 
I time we explained what those are. Acrylate monomers are esters which 

contain vinyl groups, that is, two carbon atoms double-bonded to each 
I other, directly attached to the carbonyl carbon. 



o 

I 

R 



^- carbon atom o carbon atom 

carbonyl carbon atom 




Some acrylates have an extra methyl group attached to the alpha carbon, and these are called 
methacrylates. One of the most common methacrylate polymers is poly( me thyI met h acrylate). 
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H ^CH, 
H ^C=0 
R 

a methacjylate 



In case j'-ou've never heard of the element R, 
there is none. R is a -wild card, and it stands 
for any atom or group af atoms. 



\ 

CH, 



<pH3 
-t-CH^(f-] 

? 

CH3 



polymerization of methyl methaciylate 
to get poly(methyl methaciylate) 

Acrylate and Methacrylate 

one of Nietzsche's lesser known works 

One might not think that this little methyl group would make a whole lot of difference in the 
behavior and properties of the polymer, but it does. Poly(methyl acrylate) is a white rubber at 
room temperature, but poly(methyl methacrylate) is a strong, hard, and clear plastic. 



CH3 

H-CHz-yH-l^ - hCH2-(p-i ^ 

C=0 C=0 

? ? 

CH3 CH3 

This is poly(metliyl acrylate). This is poly(methyl methacrylate). 
It is soft and mbbeiy. It is a hard plastic. 



As it turns out, how soft or hard a polymer is at a given temperature is determined by what we call 
chain mobility, that is, how well the polymer chains wiggle past and around each other. The more 
they can move, the softer the polymer is. It helps here to think the scene in the movie Raiders oftlie 
LostArIi, in which our hero Indiana Jones finds himself in an Egyptian temple and ankle deep in 
slithery poisonous snakes. Polymer chains are like those snakes. Smooth snakes can move past each 
other very easily. But if you could imagine those snakes having giant barbed spikes all up and down 
their backs like some of the dinosaurs in another Steven Spielberg film, you can see that they might 
not be moving around quite as much on the floor of that Egyptian temple. Their spikes would catch 
on each other, and slithering would become quite difficult. 
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Poly(methyl methacrylate) is like one of those snakes with giant barbed spikes all up and down its 
back, with those extra methyl groups acting like the spikes to put a quick stop to any slithering the 
poly(methyl methacrylate) chains would try to do. Poly(methyl acrylate), on the other hand, is like 
the smooth snakes. Without that extra methyl group gettmg in the way, they can slither all they 
want. If the polymer chains can slither and wiggle past and around each other easily, the whole 
mass of them will be able to flow more easily. So, a polymer which can move around easily will be 
soft, and one which can't will be hard, to put it simply. 

If you want to know more about how polymers are like snakes take a look at the glass transition 
temperature page. 

No More Saggy Diapers That Leak 

The simplest acrylate polymer is one of the least well understood. And that would be... 



This is what we call a polyelectrolyte. That is to say, each repeat unit has an ionizable group. In this 
case, it's a carboxylic acid group. Poly(acrylic acid) is bizarre because it soaks up water like crazy. 
It absorbs many times its own weight in water with no problem. Polymers that do this are called 
superabsorbers. So some bright individual had the bright idea of putting this stuff into baby 
diapers. In a diaper poly(acrylic acid) absorbs the little mess your little bundle of joy leaves behind. 
Remember all those diaper commercials where they pour that blue stuff on the diapers and it 
disappears? What you saw was poly(acrylic acid) in the act of superabsorption. 



And don't think for one minute that we have the sUghtest idea why poly(acrylic acid) can absorb so 
much water. We're completely clueless! 

The advantage of having diapers with poly(acrylic acid) in them, aside from the fact that they're 
less messy, is that once the mess is locked up in the poly(acr) lie acid), baby doesn't have to sit in it 
until mom and dad figure out that it's time for a change. Otherwise, baby could get some 
unpleasant skin rashes. 

A Little Nitrogen Music 

There are several derivatives of polyacrylates which contain nitrogen. Polyacrylamide and 
pplyacrylpnitrile are two shown in the picture. Polyacrylonitrile is used to make acrylic fibers. 
Polyacrylamide will dissolve in water and is used industrially. Crosslinked polyacrylamides can 
absorb water. (Crosslinked polymers can't really dissolve, if you think about it.) These gels are 
used to make soft contact lenses. It's the absorbed water in them that makes them soft. To see the 
polymer and its monomer acrylamide in 3-D, click here. 




H 



Poly{acrylic acid)! 
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A=\ — * -fCH^CHi^ 
H j.^^ 

A mil 

H H 

aciylandde and polyacrylamide 



H C^N ^.^^ 
aciyloiutrile and polyacrylonitrile 



Now read a story I wrote about acrylates. It's called... 

What Wonders Aci^lat 
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Wiklpedia 

Derivative (chemistry) 

From Wikipedia, the free encyclopedia 

In chemistry, a derivative is a cgmaound that Is derived from a similar compound or a compound 
that can be imagined to arise from another compound, if one atom is replaced with another atom 
or group of atoms.L^^ The latter definition is common in organic chemistry. In biochemistry, the 
word is used about compounds that at least theoretically can be formed from the precursor 
compound. C^J 

Chemical derivatives may be used to facilitate analysis. For example, melting point (MP) analysis 
can assist in identification of many organic compounds. A crystalline derivative may be prepared, 
such as a semicarbazone or 2,4-dinitrophenylhydrazone (derived from aldehydes/ketones), as a 
simple way of verifying the identity of the original compound, assuming that a table of derivative 
MP values is available.t^J Prior to the advent of spectroscopic analysis, such methods were widely 
used. 

See also 

■ Derivatization 
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• Periodic Table 
• Elements A to Z 



Definition of Derivative 

A compound that can be imagined to arise from a partent compound by replacement of one atom with 
another atom or grpvip of atoms. Used extensively in orgainic c hem istry to assist in identifying 
compounds. 
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carboxylic acid derivative 



LINKS Related Articles 



Aspects of the topic carboxylic acid 
derivative are discussed in the 
following places at Britannica 

Assorted References 
• major reference {in 
carboxylic acid (chemical 
compound): Derivatives of 
carboxylic acids) 

The carboxylic acid derivatives 
discussed here (with the 
exception of nitrites) share the 
RCO structure with aldehydes, 
ketones and carboxylic acids 
themselves 



carboxylic 



;arboxyiic 



cid (chemical < 



mpound)) 



Compounds in which the -OH of the carboxyl group is replaced by certain other groups are 
called carboxylic acid derivatives, the most important of vs/hich are acyl halides, acid 
anhydrides, esters, and amides. 

• functional groups {in chemical compound: Carboxylic acids) 

The structural unit containing an ali<yl group bonded to a carbonyl group is i<nown as an 
acyl group. A family of functional groups, known as carboxylic acid denvatives, contains the 
acyl group bonded to different substituents. 

Other 

The following is a selection of items (artistic styles or groups, constructions, events, fictional 
characters, organizations, publications) associated with "carboxylic acid derivative" 

• acid hallde (chemical compound) 

• carbonate (chemical compound) 

• carboxylic acid (chemical compound) 
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